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OBJECTIVES N 

.** ■ * ■ ■ 

A. 'Weak acid*, 'weak bases and their salts ix^^ 

Upon completion of th^s section you show be able to* 

1. use the appropriate, equilibrium constant, to determine lH 3 0 + j, 
[OH*], pH, and percentage dissociation of a weak aoid or weak base. ' 

2. ..use pH ,f percentage dissociation of HjO to determine the equilibrium * 
V constant, K, for a weak acid or weak base. ' i , 

3. distinguish between 1 * . w * 
. { a. *we<%k"aci& and a stryng acid * 

. . l> . base an ^_ a _s throng base . :. l 

U. test the Validity of approximate solutions to the, equation involving 

weak acids, weak bases and their 'salts. 
V. classify various salt solutions as acidic, bafeic or neutral (determine 
- the pH of the salt • solutions given K for the reaction of salt 'ions 
with water) . ' 

B. Common icm and buffer solutionis. " 

When you have finished this section you should be a,ble to , * 

1. apply Le Chatelier's principle to ionic equilibria. 

?. use the equilibrium constant*-. K, and buffed concentrations Qf a par-* 
tially dissociated acid and its salt to calculate the pH of a buffer 
solution before ,i during and after the addition of a strong acid or 
base. ' ■ \ 

I ■ 3. compare .the behavior of a^ buffered solution with that of an unbuffered 
solution upon the addition of a strong 'acid or a strong base. 



PREREQUISITES f , 

You should be 'able tx> do tfie f6llowing before attempting this unit: 

1. define and illustrate 

a. pH x d. * a strong base 

b. pOH t e. a Bronsted-Lowry acid 

c. a strong acid f. a Bronsted-.Lowry bas^i 

2. calculate [0H~] given [H^O*] and vice versa . 
' 3. convert [H$0 ] to pH and vice ve:hga . 

4. write balanced net ionic equations for acid-base reactions". 

; / ' / 



PRE-TEST 



/ 



1. Given a 0.001 mole/1 aqueous solution of HC1, calculate: 

■a. [H 3 0 + ] . . c. the pOI 

« ■ 

b. 0 the pW . ' d. the [0H~J 



2. Calculate, the pH of an.HCl solution With IHiO + 3 = 3.5 x ltT 1 mol.e/1. 
,3. Calculate the [OH^l concentration of a KOH solution whosfc pH = 12,25, 

4. Define and illustrate a Brtfnafed-Lovry acid and a BrSnsted-Lowry base. I 

5. Write an ionic equation for the ^ionization -of HC1 in water* --t- 

6. Write an ionic equation for the ionization of KOH in water. 

7. Which of the following would yield the larger number of H,0 ions? 

a. 100 ml of 0.1 mole/1 HC1. 

. b. 100 ml of p.\mole/l CHjCOOH, acetic acid-, (weak acid). 

A : * \ 

Answers to pre-test:' • 

1. a. 0.001 mole/1 since HC1 is strong acid + 

b. 3 ' ^ . ' 

c. 11 

d. i . 0 x 10" 1 1 mole/1 ' • . ■ ■ 

2. 2.4$ " - • 
3". ■ 1 .78 x icf" 2 mole/1 

l i .■ Bronsted-Lowry acid is a' proton donor; . ^ 

HCN , + H 2 0 S H 3 0 + + CN~ * 

acid ' 

Bronsted-Lowry base*is a proton acceptor; ; 

CHsMH 2 + tf 2 0,Z^±= CH3NH3 + OH" " " „ N 

base / ■ 

5. H^l + H 2 .0 > » H 3 0 + + CI" 

6. KOH Ha °» K* + OH"- > * 

7. a. ml 0.1 mole HC1 yields 0.01 mole *HjO ion — strong acid completely 

ionized. » v ' . • 

b. 100 ml 0.1 mole CHaCOOH yields less than 0.01 mole H 3 0 + since it is a 
weak acid and not completely ionized. . 



INTRODUCTION # . 

Aq\ieous systems involving weak acids, weaJ< bases, and their sal^s are important 
examples of chemical equilibria. The behavior, af these systems is of particular in- 
terest, to biologilsts and chemists. The generai representation of thfese systems' ac- 
cording to UrSnSted-Lowry definitions follow: - 
. 1, Weak Acid, HA 

^ HA + H 2 0^t- H 3 0 + + fiT 

2. Weak- Base, B , • 

B + H 2 0«S£ BN + .+ OH" 

3. Salt, NaA, of a weak acid (HA) and a strong base (NaOH). Initially NaA is 
^ u considered to be totally ionized to Na + and A". The weak acid anion then 

comes to equilibrium with water as follows: • , . 

. A" * HrO~ — ^HA + OH" A 



H. S*it Bk\:i of a weak base (&) and a atFOng acid (HC1K Again the spit ; is 
v ' * considered to ionise completely to DH + and Cl" with the weak base cation 

formirig an equilibrium with water: 

BH* + H 3 0- =^B + ' H 2 Q + 

These equilibrium systems have two common fe^turep : 
^-.1,. Water is'the solvent, 

?. The values of the equilibrium constants . are relatively small; less than * 
10"* ir\ most cases. Therefore the systems contain ions in equilibrium, with 
molecules qf undissociated acid or' base, unlike s^r6ng acid and base solu- 

-\ — - tions which eor^in -no undissociatred-solute molecules.* " " : 

In these aqueous solutions the concentration of water is very large .(55.5 
aole/1) and is considered to be a constant when compared to the concentrations of 
species in dilute solutions. Hence for 

MA + H 2 0 *" H 3 0** '+ A" , 
K * > I. HA J 

•where fH ? 0] can be considered to be included in K . . 

Let's examine this type of equilibrium by looking at e^ch of the above reac- 
tjons, remembering that the mathematical treatment, of each system is the same, only 
the values of K s are different. / * 



Problem ,1 . Examine the. weak acid system involving hVdrofluoric acid, HF 
'• HF + ■ H 2 0 ~— H ? 0 + + F" 

K " ' \W1 6.7 x 10 . 

Given that initially 0.1 mole (2.0 grams) HF are dissolved in 1.0 liter 
^ \ ■* of solution, calculate the EH30 + 1 and pH of the solution. ' 

Solution : Choose x = number of moles of Jtl%0* formed. Note that x would a\so be 
equal to number of moles F~ ion formed and moles of HF reacting. 

- . • • • - • ! 

^WARNING — In solutions of weak acids there are actually two sources of H 3 0 + ions: 

v 



1. HA + H 2 0 H 3 0 + + A" 



2. .2 lf 2 0 ^ T H 3 0 + " • + 0U~ , 

.9 • 

In most problems, y, the concentration of HsO + due to self-ionization of water 
is small compared to x, the concentration of H 3 0 + from we^k acid ionization, i.e. , 
x + y « x. f / t 

IP x < 10 1 mole/1 the asstimptioVi 'that x + y « x no longer holds* 
^ A similar Earning is givers for ^solution of veak bas$s with [OH"] t 1Q~\ mole/1. 



Jff view of the sn^all value of K, what relative magnitude do you expect 

Canswer) 



/ ■ 



A detailed analysis of the situation can Be obtained by filling out a 

reaction scorecard as follows. 

Remember x = Tiumber of moles H>0 formed. 



H 2 0 + 



HF 



H,0 



Using the equilibrium concentrations in the equilibrium expression 



K = Q.7 x 10 



This yields the quadratic equation 

4 



(x)(x) 
(0.1 - x) 



- s 



x 2 + s (6.7 x 10 )x - (6.7 x 10 ) = 0 . , 



initial number 
moi^s- from data 


0.1 mole" 


0 jnole 


i 

0 mole 


change in -moles 


v mole 
: rf— 


+ x mole 


— *x mole 


moles at 4 
equilibrium % 


C0.1 - mole 


x mole 


x mole 


equilibrium 
concentrations^ 
... 


(0.1 - x) mole 


■x mole 


x mole 


1 lltet: 


1 lite* 

V , - 


1" liter | 



EFFECT OF CONCENTRATION 



In order to further examine this system use the ACID prdgram. You will use « 
this program to help solve Problems 2 through 5. 

First choose a concentration of weak acidf HF (K = 6 . 7 x' 10~ H ) of 0.10 mol.e HF 
dissolved in 1.0 liter of solution. The computer will solve the quadra-tic equation 
choosing the correqt root. Answer NO when the computer asks "D0NE? M . * 

* ■ ■ • .• . 

Problem 2 . What effect would decreasing the number of moles HF initially present to 

0.05 (holding ^he solution volume at 1.0 liters), have o'ri: 

■ <* 

prediction check with computer, 

increase, decreased no effect correct? 



Problem 3. 
f- ' 



Problem ^. 



1. [H 3 0 3 < ; 

2. PH ; _ - ' i 

3. % dissociation* ( 

Check your predictions by answering YES to the question, "would you like 
to try another concentration of HF?" Enter 0.05 moles and 1.0 liter. 

Compare . t $he results of this HF solution with .the -0.1 mole/lite^_solu- 
tion* Were your predictions correct? ^ 



*% dissociation 



molefe HF dissocia ted 
initial moles H 



x 100 



.6 



> 4 




V* - 

Run as many concentrations of HF aa you like (limit of 10) observing the effect 
initial> doncentrat^on has on each of the parameters, T When you have finished* answer 
NO to tKfe "concentration of H7? 11 ques-tion f 

* * ■ 

EFFECT OF THE VALUE OF EQUILIBRIUM CONSTANT, K 



Problem 5, 



Choose another weak acid whose equilibrium constant appears below: 
Acid K . . 



HN0 2 
HCN 

CHaCOOH. 



4.6 x 10 
H."9 3 x. 10 
I. 1. 7.6 X-LQ 



- M 



- 1 0 



- 5 



Answer "YES" to the question "Would you like to try another acid?". Run 

. the program as before using 0.10 moles of acid and I.'OO liters of solu- 

tion for the. first concentration" Of your acid. Run as mevnv different 

concentration^ of your acid as you like (limit: ten different concen- 
« , 

trations ) . « 4 4 

# 

Hoes a decrease in initial acid concentration have the same effect on 

+ • 
[H 3 0 ], pH and % dissociation as it did in the case of HF? 

* . ■ - ' * 

Answer "YES ,! to the question "DONE?". The computer will' summarize your data in v 
tabular form. Log off t-he terminal'and carefully remove and save your printout. 
You will' need this " information to solve Problems 6 to 10. 

Eroblem 6 . Complete the reaction scorecard below for the acid yqu < chose and fill in 



re act* 
ionifl 



the reaction scorecard for you acid. Let x ■= [H 3 0 + ] Equilibrium concen- 
trat: 



H 2 0 t r = H 3 0* } 


initial umber 
mo^es. 'from data 








changes in mo3<es 
at equilibrium 








equilibrium 
concentration 








■ / A. 

Using the reaction scorecard, set up thie quadratic equation which* the 
computer $c?lved. ■ p ' < 

k = ■ ^ s /. 



quadratic equation: 



Problem 7 . After comparing the effect of initial acid concentration in both cases', 
t describe the effect of decreasing initial acid concentration on: 



4 di 



o ■ 

.ERIC: 



dissociation: N 



7 



Problem 8 . Compare the two acids whan the initial concentrations are the same \ 
T Which has the larger val^fe of CHjO*]? J , 
Which has the -larger vplue of pH? 

Which is more highly dissociate^ (ionized)? v » ♦ 

Which is the stronger acid?, Explain. _ / 



APPLICATION OF A SIMPLIFYING APPROXIMATION 



v Many times scientists apply approximations in the -solution of- problems'. . In 
systems where K is less .than 10' * an approximation avoiding the solution of quadrat- 
ic equations may be used*. 



Problem 9\ 



Problem 10 



Check the values of CHAJ ini * tial and [H,0 J equiUbrium listed 'in your 
output summary. 



Is [HA]. ... A 
initial 



[HsO '] * [HA], . ^. , in each case? If soi the number 
initial ■ ■ • 



n^l«s of undissociated acid at equilibrium can be, approximated by the 
initial number of moles undissociated acid. 

e.g. initial [HA] = 0.100 mole/1 * ' ' 

[H30 + ] = (3.00001 mole/1 
then equilibrium [HA] * 0.100 - 0.00001 = 0.09S§99 « 0.1000 

0.00001 

0.100' 



error ir\ ^j? gumption = ~-*-"-ra - *' x - x 100 



0. 01% 



W 



ith^this assumpjt^,pn 3&he equilibrium expression becomes - 
• CH,0 + KA~S' x 2 /V 2 V/V 2 

cm 



K 



0.1 - x " 0.1 

where V is the volume of solution in liters 



More generally, 



K = 



x 2 /V 2 



S 



initial 
and * = /K.LHAj initlal 



(1) 



Select several initial acid concentrations and compare the resul'ts from 

equation (1) with the computer* s more accurate quadratic solution. > 
* 

Make the comparison 1 for "both acids. 

% 

6 

Error 



Acid 
->HA« 



CHA] 



initial 



exact quadratic 
tH 9 0 + ] 



approximated 
CH,0 + ] 



HA 



In your judgment, is the approximation valid for both acids? Explain 



*A concentration e>£>ressed' to two significant figures is usually sufficient, 
reading of 7.35 indicates a concentration of two significant figures. 



A pH 



4 " * 

You may. wish, to try other acida Including Tone with* K greater than 10"." by 1 v* 
running the ACID program and then comparing tfith calculated results using -the square 
root approximation teqifation CD). Is the approximation- valid in cases where K is 
greater than gftO"*? Explain.., * * ' % " 

.f 

Problems 11 to 16 will give you practice in using the concepts covered in the 
preceding material. 



Problem 11. What is the pH of 1.55 M-benzoic acid whose ionization constant is 
t 6.60 x 10"'? . 

A 5.37 M solution of a weak acid,'HX-* has a pH o,f 2.25. What is the 
ionization constant of the acid? , • 

* i 

If a we a* adid, HX\ is 78.15% ionized in 1.67 M solution, at what con- 
centration is the acid 12.55% ionized? . 

What is the degree ~b-f ionization of -a 1.39 M solution of HC10 whose 
ionization constant is 3.20 * 10"*? t - ■ ' " 



Problem 12 



Problem 13 



Problem 14 



Problem 15 



Problem 15 . 



CH,C00H is 8.6 x io" 3 ionized in 4 .146. M solution. What is the ioniza- 
tion constant for this 'acid? «•■.'' 

A weak. acid, HX , is 6}, 85% ionized' in 0.12 M solution. What percent of 
HX.is ionized in a 0.913 -M solution? 



WEAK BASES 



Equilibrium systems involving aqueous solutions of weak pases are quite similar 
to those wea-F-icid systems we have just examined ^ ' Both have, values of K less than 
10" . The major difference is that Jhe OH" ion appears in the equilibrium expres- 
sion, rather than H 3 6*\ (This should not bother us for we can easily calculate H,0 + 
and pH from OH" and K = 10" 1M for the ionization of pure water.) For a typical wea\ 
base , B „ • 



Problem 17 



B 



BH + * + 



OH' 



K = 



C BH ] [0H~ ] ' 

— m — ■ 



k Let's fill out a scorecard .for 0.10 moles of the weak base ammonia, 
NH 3 , dissolved in 0.50 liter of solution. 

K = 1.8 x 10" fof NHj. 

Choose x = .moles of hydroxyl 'ion , OH", formed, 

x. « 

scorecard-. 



Now' you complete "the 



H 2 0 + 



NH 



NHt 



OH' 



initial number of 
meles from data 








changes. in moles 

3^ ■ — • : — - 




s 


¥ 


^rnoles at equilibrium 






1 f- 


equilibrium 
concentration 









t 



y 4 



t 

Now write an expression for Kt 4 
Finally the quadratic equation: * 



Now get the ACID program and run as before, this time using th«r ammqnia 
(NH3) system as an example. 9 

Problem Il8 . Vary the initial concentration, of NH 3 and observe the* effect of de- 
creasing NH3 concentration on:. . _ 

[OH"] ] 

pH . 

i 

pOH • 

« % 

^_ % dissociation ; 

— 1 ■ _ - - '/*tm>t~ , " 

Choose another weak base from the following list and £un it in the ACID 

program using the same* seS: of initial concentrations as those used with ; 

' * \ 

ammonia. 

1, 

Rase "K » \ 

-11 - \ 

methylamine CH3-NH2 2.7 x JO \ 

aniline C 6 H 5 -NH 2 2.34*x 10" 5 

hydroxylamine H-O-HH* 1.07.x'l0" 8 

Compare the following for the cases in which initial concentrations of 
both bases are equal: ■" 

[OH"] r 



/ 



PH 1 ' j • ) • £ 

pOH ' JJ , , 

% dissociation » b 

Whicl^ is the stronger base? NH j or the base you chose? Explain. 

How can K f s be ussd to compare the strengths of acids or bases? Ex- 
plain. 



Arrange -the bases in the above list in order of increasing base 
strength (weakest first). 



10 



ERIC 



,The same approximation that was used to calculate [H 3 0 + J' in weak acid syste^s*^ may 
be usyl to ca lcula te [QFI^ 3 in weak base systems. ' 

Prc^lemjig. Derive an\ expression for [OH*] in weak base solutions similar to that 
used for £hjO + .] in. weak a^ids. J 



1 



■ r 



Problem 


20. 


Problem 


21. 


Problems 2 2 


P roblem 


22 . 


Problem 


i2 3. 






Problem 


2U. 


Problem 


25. 



Use this expression to calculate the equilibrium [0H~:> concentrations 
and pH's of the solutions on your printout. . 

Is the. approximation valid for the base you chose? *kt what conCentra- 
lions doeS the approximation give the best results? 



Calculate the pH of a 1.60 M methylamine (CH 3 -KH 2 ) solution whose equi- 
librium dissociation constant is 1.8 X 10~ 5 . <^ 

■< 

At 2 5.°C a 0 .10 M ammorfla solution is U . 3% ionised. Calculate -the equi- 
librium constant of aqueous ammo^fa. * 

Calculate the [OH - J in a '0.010 M solution of Aniline, C«H 5 NH 2 . The e- 
qui Librium constant, K, for the dissociation of aniline is 4.2 x lo" 10 . 

What molarity of NH 3 provides a hy^oxide ion solution whose pH = 
11.18. (K = 1. 8 x. lo" 8 for NH 3 ). • '■ v >. ' 

SALT SOLUTIONS INVOLVING WEAK ACID^AND BASES ) 



Now let's turn our attention to "aqueous solutions containing salts. A salt is 
product of^the reaction between an acid and' a base-. *he acid and base may be' 
thought of as the parents and the salt the chile/. 



Acid (parent) ' + Base (parent) 



->> Salt (child) 



9 

ERJC , 



The child will have the properties of both parents. Thus the pH of these salt 
solutions may be considered to be generic in origin, depending, on the equilibrium. 
constants of the parent acid and parent base involved. Suppose we prepare three 
salt solutions each 0.10 M in the salt NaCl , NaF, NHi,Cl 

Problem 26' . Predict the pH of each solution; pH < J , pH = 7 , pH > 7 . 

pH 

(A) .0.10 M NaCl ' 

(B) 0.10' M NaF . . 

(C) 0.10 M NHi»Cl 



■t 



10 . „ • ■ 1 



By examines; thei|e solutions carefully,' we can check our answers . 

The,* firs V solution; *' ' * * " . * 

• Na + + Cl~ + H 2 0 Na* + Cl~' + "H 2 0 . * 

The iorts In this solution do not react with watex since both parent 
acid and the - parent base are strong >ti ♦ e . K^s are very -X&rgb-) • . The Na 
. and' Cl~ ions are saic! to.be Unreact ing|, sp<sctator ion/f. ; Ttyere^fore the 
pH 'of this solution is the %tt of pure water , *pH ■ *= v 7 . 4 t >. ^v, \ 

The se'cor^/solut ion : f ■ . i . ; 



+ 

Hz 

+ 



Ma_' 5 * F". . + H a G. » "Na*. _.+.. HF.. . QH." 



The Na ion does, not react with water, it is again a spectator ion and 
may be^cancelled on both sides of the equation. 

Na + + F" + H2O ^> Na + .+ Iirt '+ 0H*~ \ ' . ; \ . 

' and' the '' net ionic equation, bepaines; '?"' t -,i^.^ i is t;r I '< . v ,> r\ 

f" ■+. H 2 t) — >'hp + ; oh~ - . "' u 

Since the parent acid HF is a weak ^c^icj (K - 6.7 x ? 10f ) .We expect th'»^ ; '?;| 
F" ions will react with water to form HF and QH~ ions-, .Thus the solu- *" 
tion has a pH > T due to the value of E0H~] being greater than [OH J Of 
water. ' * . ,,. 

In the last equating the parent base involved -iA weak (NH 3 , K = 1.8 x 
' 10~ 5 ) while the parent acid, HG1 , is strong. Thus,,. the Cl~ ion is a 5 ^ 

\ spectator and the net ionic equation becomes 



Y ' NhJ + H 2 0 > ' NH 3 + H 3 0 + 

^-Ammonium ions, NH^ i rfcact with water to form undissociated WHa + H3O 
ions. The solution therefore has a pH < 7 since the value of [H 3 0 ] is 
greater than that of pure water? 

The following list provides a handy summary of the acid-base characteristic^ of 
salt- Solutions : 



Salt (parents) > Example^ f " pH 

strong acid-strong base 3 KNOs, 4 ^7 

strong acid-weak base * (CH3NH3) Cl" . . - <7 

.weak acid-strong base * Li^ (CN) >7. 

weak acid-weak base ^ (NHi,) + F"" . [depends on tf ? : s of reac- \\ 

? ' [tions of ion^ with waterj 



Problem 27. .With the aid of yttur text determine the..\relat iye ' pH s (pH ( < 7^ pH •>» 7, 



^> 7) for aqueous, solutions o,f each of the'-'fpllowing salts: y ,y 
(NH^) + (N0^)" d. (CH s C00)~K + ' ',. ' / ' f 



PH 
a. 

"b. (CH 3 NHj) + F" ,e. Na(CN)", 

c. KC1 • _ 

. • IS 



) 



* ." " Th ? above aoptionjrhas^Jealt with making a Vough estimate .of th« "p|T of aqueous 
.salt solutions % . How do '.we determine the -exact pH of a <salt L solution? - • 

•' .In order to solve t;h.io proBlein we {$$t consider* the 'concept' of combining;, sever- 
al /equilibrium : reactions* iryt'o a single reaction. Consider the • eqUatrdnrf' involved ; i iS 

.the react .^ohol sodium f lupfridftV Nat , Mtti !water*v ,The r-otfction' • .N »'...'. ' 



P- •'>+ HjO ^, ""• HF* ■+' OH' 



may* be considered as a aummatiftn of 
• - F" 



2 H ? 0". 

Proble m - 7Q . Show -that K .- K, 



K , 

w , 



HsO ,+ HF, 



*U0 



OH 



/_ [HF-KOH"] ' 



K: 



[HF3 



[F"'J[H s O + ] 



K w = 30 



tH|0 + tlfOH~] 



In general .if ono reaction, carr be written as the s-um of two or 'more other reactions, 
the equilibrium constant for the overall reaction /fill be the product of the equi<- 
librium constants o.f the component reactions- * 

In our ; NaF phoblem K^-may be shown to.be the reciprocal of k* the equilibrium 
constant for the reaction V 



HF + l H 2 0 ~ 



H 3 0 



2 imp J • 



Problem '2 9. . X-how that'the relationship Ki - i is true. 



The, reason f<$v&jsing this reciprocal relationship is that K's for weak acid and 
base. '.ionizations are easily accessible in reference book^ . The equilibrium 



for the reaction 
becomes 



const: ant 
••J 



+ H 2 0 



HF ■ + • OH' 



K = K 



10" 



I 4 



.1 x 10 



- } 4 



Problem 30 ., Usyig tables of ionization- constants in you text verify that K 
ln ,! for the reaction of NaF with water. 



10 



V, 



A; reaction scorecard with x = .moles of F" reacting' looks like: 

* ' * 

H g Q '+ • . F ' \ . a * HF ■+ 0H~ 



1,5 x 



initial molds 


":of.i 


9 


■ o ' 


change in moles 


" 

-x' 


+x 


— — . — 1 > ■- 

+x" 


number moles at * 
.equilibrium. * 


t) . 1 - x 






equilibrium 
„ concentration 


Q.l - x 

~1 


\ . . x 
T 


X 

" T v 
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An. fc#fore_ in the case of wgAk. .A£idflLJM){) base 9 w« .obtain A -.quadratic 
•quat ion in x. • . . 



and * j 



3^L»+ (1.5 x 10~ M )x - fcl,5 x l6~ K2 )' =» 0 

Since K is email, our square ropt approximation should , again be valid, 

.2 . . - 



x 



nm 



= 1.5 x 10 



= A. -5- x 



X *■ & x 10 
x = 1.2 x- Jo" 6 moles ' 
[OH*] x 1.2 x ro~ 6 moles/1 
pOH = 5.9"2 
pH- = m. 00 - 5. 92 = 8.08. . 



Problem 31 . What, .is the pH of 1.0, liter of a 'solution containing 0. '2 moles NHi,Cl? 



3 



K ^ 1 



— 5 v 

. x 10 for* the reaction 



> 

a.- 



b. 



NH : 



+ H,0 



NH, 



+ OH* 



Calculate K for 1 the reaction 



NH. 



+ • H,0 



H 3 CT + NHj , 



lete- a rva action score card. 



,1 



\ 




i. w 

" fop ■ 




^et^jup the expression for K. 



d\^ 'S^a^pr x, [H s 0 + 3 and phV 



1 



>^V%/^ these results confirm -ouy predict ion ih Problem 1? 0 



•3 ,).> v. 



. -it 



it 
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COMMON, IONS AND BUFFER SOLUTIONS 



Up to tj^is point we have considered solutions which contained a single sub- 
stance dissolved in water, a W«ak 4cid» a 4 weak base or a aalt. Buffer solutions * 
contain a mixture of a^reak acid and one of its salts or a weak base and- one ©f its 
/salts. The function of Vbuffer solution is to' maintain a* relatively opnstan* value 
of pH. Let's examine such a solution in order to see how it operates. 

ProbHem 32. Consider, the weak acid KCOOH , formic acid, in an aqueous solution: 

' HCOOH + H*0' t^=r=fc: H,0 + HCOO T K = 2.1 x 10" H . 

Calculate the* [H 3 0 ] and pH of a solution which contains ■ 0 . 10 ^ tfcOOH. 



Now suppose that sodium formate is added -to this solution. What will 
happen to the equilibrium values of [HA] and »[H s >0 + ]? (Hint: Le 
Chatelier's principle) 



Will the t pH- increase or decrease? 



Problem 3 3 



Solution : 



n order to obtain quantitative verification of your predictions con- 
sider 'a solution of 0.1 mole of HCOOH and 0.2 mo^es HCOONa dissolved in 
1.0" liter of water. ■ 

A completed scorecard for the firral solution appears 'below where 
x = moles of H 3 0 formed. ' 



H 2 0 + 




HCOOH 


H 3 0 + 


tfcoo" . 


initial number 
of moles 


0.1 


0 ' \ 


0.2 


change in moles 


-X 


+x 


+ x 


equilibrium moles 


0.1 - x 


TT — 

X 


0'.2 + x 


equilibrium 
concentration 


0.1 - ^ 

. ■ • i : 


X 

r 

> 


.. 0.2 + x 



' ' _ [HjO 3[HC00"] . (x/l)(0.2 + x)/l- . ' ' v , ft -n 



L HCOOH J 



firm xi7i 



yielding with no approximations 



' x 2 + (0,2 + 2.1 x lp~")x - (2.1 x. ,10" 8 ) = 0 



-5. 



SikcVK'is again sma;Ll we can make the assumption x will be very small 



# - 



and 

ea:- * « o f i \ 

ar)d ' . ^ 

" 0.2 ♦ * <* 0,2 
so thai! the expression for - K opines 

\ 



♦ 



K \ -(0.1/1) ' - 2,1 10 



- >4 



0.2x = 2.1 x 10^ 8 

x = 1.05 x lO**" ' " : 

■ " *• - - pH = -(0.02 - >4)' - 3.38 . • . - 1 

i. « * . 

> ' \ . • * 

This solution of HCOOH and HCOONa is said to be buffered at a pH = '3.98. It v 
will maintain this pH to within several hundredth's of a pH unit upon the addition 
of a strong acid or strong bas # e. How does if Work? , Let us see what happens upon 
addition of small- amounts of' strong acid or strong base. 
[' If a- strong acid is' added the additional H $0 + ions react with HCOCf ions to 

form undissociated HCOOH, i.^» the equilibrium position of H(^0£H dissociation is 
■ shifted to increase the concentration of HCOOH: , % ■■ . *• 

" f HCOOfj + H 2 0 ^ H 3 0 + + HC00~ 

Most of the adde.d HsO ions are removed from the solution and the pH remains ^at 

approximately U.0, , 

* ^ • " • 

Problem 3U . Prove this hy adding 0.01 mole ; of H 3 0 + to 1.0 liter^of the HCOOH-HCOONa 

buffer of Problem 33. Set up the reaction scorecard ' and calculate the 

new pH. „ ■ 



v 



Ierjc " • ■ . \ « le • ... •>•,-. :v>$i 



" " " + 

It is interesting to note th k at the" addition of 0.Q ; 1 moles of H3O to an ; 
unbuffered 1.0 liter of pure water changes the pH from 7.6 t6 2.-0. 

The weak -acid of t^e buffer reactp to addition of strong base OH" by undergoing ^ 
a neutralization reaction. u , > 

HCOOH + OH" — ► HfO\ + HCOO" 

Ag-ain the ' added ions are rempved from the solution and pH remains approximately U.0* 



<7 v 



• i\- ( v * 



.. IS 



7 ■ 



/ 



Problem 3S . Prove this^by finding 0.01 mole oiToir to '1.0 litar^ buffers f pH M.0-. 
■ ' ' Calculate the new ptt. " '» , ' * v * 

" ' > • ■' c 



V 



Problem 36 



,Note the addition of 0.01 mole OH" to 1 . 0 liters of pure water changes 
the pH from 7.0 to 12.0. 



Explain using net ion io equations "how ~WS8tri5f"W§~. followxng~BuFfer sys^ 
terns would re/act to the addition of (1) a strong acid and (2) a ytrong., 
bctse. • ' . 

a. CH3COOH, CHjCOONa' . 

b. NHt.i NH..C1 



Problem 37 . Three parameters determine the initial pH of a buf fer^solu^iOti . Can 
. you list them? (Hint: refer to 'data given in Problem 33). 

(A) _ '., ' .' , .; 

(B) ' ' J • . . 

' (c) , • " • ' • . . 

Work Problems '38 to Ml-. " (Thip. set contains problems to review af?l the concepts 
we have 1 developed in our study' of Weak, acids, bases, ^alts, and buffers.) " *' " 

Problem 38 . Wh,at is the pH of a solution prepared by dissolving 0. 300 moles\of so- 
dium , ace tate , CH 3 C00Na, in 100 ml of 0 . 20 M- HC1? 

. • . v .!•'•''"• . * 1 

I "(K =1.8 * 10'* >for (JH3COOH + H 2 0 ff=± CHsCOO? .+ H,0 X 0 

, ■ 4 !•• ' . 

problem 39 . Find the pH of a solution 0.2 5 M in NaN0 2 and' 0.75 M HN0 2 '. 



(K = 5.1 x io~ " for H 2 0 HtlOe 



H..0 



NOT) 



Problem MO 



Calculate the pH of the buffer formed by mixing.100 ml of 0.60 M NH H ci N 
.with 100 ml of 0.M0 M NaOH. ' ' "' * . 



(K = 1.8 x 10 



- 5 



OH") 



Problem Ml 



for NH, + H 2 0 NHi 

Calculate the concentration of NaN0 2 in 0.10 M HNOj necessary to 'obtain 
a solution whose pH * M. 3. 



(K 



5.1 x io~ V for H 2 



HNO 



2 T~ 



^ H s o" + ' + 



NOl) 



BUFFER SIMULATION 



The BUFFER program will | dllqfef 'you to cohduct experiments with buffer solutions 
•You '-may choose the pH of the buffer' by selecting a particular acid/salt system. "The" 
equilibrium constant ,of the acid will determine the general pH range *>f the buffer". „ 



•'4 




* — 

The pH of a buffer, solution can be. 4t%i iroatftd by finding the pK of the, Roid 
equilibrium constant, ] *■ ,\ * , „ " > 

pK »v K « logCl/K) • ^ . 14 

The effeotive pH range of the buffer can be estimated as pK ± 1, .that:, is, from ; 
pK r 1.0 t9"pK* + >l A p. The exaot pH of "the -buffer, may.be adjusted by varying the 
initial concentrations of weak* acid and salt. t . * , / 

^Problem M 2 . Rr6ve that pK (of -the weak acid) = pH (of'btiffer solution) when 
* [HA + ] s [A""]., ^ 4 ' * T 

-In order to understand the BUFFER program, vd,sualiie twfc> beakers with equal 
.volumes of Solution, One contains pure water and the other contains a buffer solu- 
tion whose composition has been selected by you to obtain a desired pH, ^u may add 
drops (0.05 ml/drop) of strong acid or stronjg hase to both solutions and observe the 
change in * composition in buffe-r and .reference . If the capacity of the .buffer is exr 
seeded by adding excessive amounts of strong acid or strong base, the pH of the 
buffer will *show a large change from that of they previous pH. 

Before you run the program select a weak-acid/salt system .an^. obtain a value 
for the K of the acid. 

Run the BUFFER program "not ing the effect of the con6entration of the s^lt on 
the pH of the buffers Adjust the pH*of the buffet 1 to a' value you like. Choose A 
concentration of strong acid and* be gin adding it to the buffer/ and water reference 
solutions- Continue addyy? acid until the buffer capacity h^s been exceeded. (The 
program will let you know. when you have exceeded this ^capacity . ) - 

Repeat the experiment, preparing the buffer as before, choosing a concentration 
of strong base and adding it to both solutions until the buffer capacity has been 
exceeded ' . ■ . 

A 

Log off the terminal. ; • 

«» " 

Problem 4 3 . •• (A) State the effecf of adding strong acid on: 

(d) [A* 3 of buffer . ; _ 

(ii) [H 3 0 + *3 of buffer ' . ■ 

(ili) pH of buffer . - ■ 

(iv) o| water • , 



(B) State the effect of adding strong base on: 

(i) '[A'J of buffer > > 

' (ii) [H s 0 + J^of b&ffef • - . ' 

(iii) pH of buffer . ' ' . 

('iv) pH of water * ' • 



(C) In a weak acid/j3alt buffer system, what • is the relationship be- v 
tween the concentration.. bf the salt in the buffer solution and the 
. concentration of strong acid which may be added to the buffer*-' 
How does this relationship determine the buffer capacity? 



SUMMARY bF EQUILIBRIUM CONSTANTS ' " ' 

In order to emphasize the general ^ nature" of equilibria we have *made n</ dietinc 
among the equilibrium constants associated with the various types of" reaction^ 
this -unit. In practice chemists usually refer "to these equilibrium bo<istf»n%a by 
iven names and attach subscripts to them. 'This information is sum>n*riSed in ''.TA- 
BLE i. " . m ' " 



TABLE 1: Aqueous Equilibrium Constants, 



Reaction Type 



HA + H,0 



H,0 + A' 



B- + H 2 0 -7—^ BH + OH" 
H,0 + I! 2 0 ~ . H,0 + + OH" 



A + H 2 0 ~ 



HA + OH' 



BH + + HaO.^zr— "7 f! 3 0 + + B 



Symbol 
K 

a 



Ys 
w 



■or K t 

X 
or K 



Name 

acid constant of HA 
ionization constant of HA 

base constant of B 
ionization constant of B 

ionization constant 
of water 

hydrolysis constant of A" 
base constant of A" 

hydrolysis constant of BH + 
acid constant of BH + 



Problem s»t 1 



t. ,H01 HANI BOLES OF THE SODIUB SALT SHOOLD BE ADDED 
TO 231 BL OP Q.616 II RKp t TQ PREPARE A BO FEES 
WITH ft pH OF 3.750 ? ASSUHB THAT HO VChtOBEfCBANGB OCCORS 
WHEN THE SODIUH SALT IS ADDED 5 TO THE SOLUTION, V 
THE IONIZATION ' CONSTANT, OF HHO, IS 4. 50B-04 . - 

2. A SOLUTION PREPARED FROH' 0.315 BOLE OF A WEAK ACID, 

HX , AND 0.698 ROLE OF NaX DILUTED TO — 393 HL •. . 

HAS A pH OF 3.000. WHAT IS THE IONIZATION CONSTANT OF HX ? 

3. NaHSO, IS *5.21B-04 % IONIZED IN 4.842 fl SOLUTION. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 

4. A 6.490 H SOLUTION OF A WEAK ACID, HX/ HAS A pH OF 5.250 . 

what is the ionization consta1tt of the acid ? . 

.5. how Many holes of hcio host be osed to prepare 
1.31 l of solution that has a ph of 6.645 ? 
the ionization constant of hcio is 3.20e-08 . 

6. A BUFFER SOLUTION IS HADE OP BT ADDING 1.282 HOLES OF THE SODIUM SALT 
TO 1.922 LITERS OF A 0.882 H SOLUTION OF H Ac WHOSE IONIZATION 
CONSTANT 13 1.800E-05. WHAT IS THE pH OF THIS SOLUTION? 

7. A WEAK ACID, HX, IS 7.081 % IONIZED IN 1.704 N SOLUTION. ,r 
WHAT PERCENT OF HX IS IONIZED IN A 0. 348 N SOLUTION ? S 

8. WHAT IS THE pH OF 4.602 H Foraic acid WHOSE IONIZATION CONSTANT IS 

2.100E 1 04? \ , 

9. A SOLUTION PREPARED FROH 0.695 HOLE OF A WEAK ACID, HX, ✓ 
DILUTED TO 185 HL HAS A 4 pH OF 6.539 . WHAT IS THE pH 

OF THE SOLUTION AFTER 0.348 HOLE OF SOLID NaX IS DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 

WHEN THE NaX US DISSOLVED IN THE SOLUTION. \ 

• • ' . ' < / ' 

10i WHAT IS THE CONCENTRATION OF NaHCO, IN A SOL0TION PREPARED BT 

ADDING 28 HL OF 3.360 H OF THE SODIOH SALT TO 187 HL OF 4.360 B HCL ? 
ASSUBE THAT THE TOTAL VOLUHE OF THE SOLUTION IS 2\5 HL. 
THE IONIZATION CONSTANT OF NaHC03 IS * 4. 80B-11 



Ptobl«» smt 2 



1. HOW HANY HOLES OF THE 60DI OH SALT SHOULD BE ADDED 
TO 120 HL OF 0,525 H HN(J t TO PREPARE A BUFFER 
WITH A pH OF 6.970 ? ASSUME, THAT HO' VOLUHP CHANGE OCCURS 
WHEN TH.B SOpiUH .SALT IS ADDED TO THE 'SOLUTION. 
THE IONIZATION CONSTANT OF HNO r IS 4.5QB-04 . 

_ 2. WHAT IS THE CONCENTRATION OF HClo'lM A SOLUTION PREPARED BY 

ADDING 96 ML OF 2.425 H OF THE' SODIUM SALT TO 122 ML OF 2* 860 N HCL 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 218 ML. 
THE IONIZATION CONSTANT OF HClO IS 3. 2OB-08 

3. WHAT IS THE pH OF 2.634 H Forfcic acid WHOSE IONIZATION CONSTANT IS 

2. 1C0E-04? " . . ' 

4. IF A WEAK ACID, HX f IS 10.381 % IONIZED IN 3.655 M SOLUTION, 
AT HHAT CONCENTRATION IS THE ACID 39; 381 % IONIZED? 

5. A .SOLUTION PREPARED FROM 0.530 MOLE OF A WEAK ACID, 
HXf tf AND 0.058 MOLE OF NaX DILUTED TO 204 ML '„ 
HAS A pH OF 3.920. WHAT IS THE IONIZATION CONSTANT%OF HX ? 

6. NaHCO r IS 1.59E-05 % IONIZED IN 5.262 M SOLUTION. 
WHAT IS THE IONIZATION CONST-ANT FOR THIS ACID? JJ. 

7. A 5.848 M SOLUTION OF A WEAK ACID, HX , HAS A pH, OF 5 r800 " . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? f 

^ 4 j " 

8. A SOLUTION PREPARED FROM 0.548 HOLE OF A WEAK ACID; HX, 
DILUTED TO. 235 ML HAS A pH OF J 2.460 . WHAT IS THE pH 
OF THE SOLUTION AFTER .0.278 W)LE OF, SOLID NaX qts DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VpLUME CHANGE OCCURS 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

* . .' ■ . ' ' • • ... • • *'J . 

9. A BUFFER SOLUTION IS MADE UP BY ADDING 0*942 NQLES OF THE SODIUM. SALT 
TO 0.502 LITERS OF A 0.269 M SOLUTION OF Forilc acid WHOSE IONIZATION 
CONSTANT IS, 2.100E-04. WHAT ISs THE pH OF THIS SOLUTION? 

10. HOW MANY MOLES OF NaHCO, MUST BE USED TO' PREPARE 
1.52 L OF SOLUTION THAT HAS A pH OF* • 4.0 35 ? 

the Ionization constant of NaHco 3 is 4.80B-tr* 



%RIC 



K. 

s 

Problea Set 3 



i 



1. A. BUFPIB SOLUTION IS BADE UP V BY A ADDW&G 1.|22 MOLES OP THE SODIUM SALT 

TO 0.?42 LITERS OP A 0.214 H SOLUTION OP ft JlHCO, WHOSE IONIZATION '/ 
CONSTANT IS 4.800B-11. WflAT jS TBB >pH OP TBIS SOLUTION? 

2. A SOLUTION PREPARED PBOH 0.407 HOLE OP A WEAK «|CID # HX, 
DILUTED TO 218 ML MAS A pH OP 2.574 . WHAT IS THE pH 

OP THE SOLUTION APTER 0.148 HOLE OP -SOLID NaX IS DISSOLVED IN IT?. 
-, A^SSUHB^^tfAT^ ^10 S I Q NIPICANT VOLUME CHANGE 0€€PBS 



WHEN THE NaX IS DISSOLVED IN THE SOLUTION. ^ 

3. WHAT SIS THE CONCENTRATION OP Benzoic acid IN A SOLUTION PBEPARED BY 
ADDING. 87 ML OP 3; 600 H OP THE SODIUM SALT TO 450 ML OP 3.535 HHCL 7 

* ASSUME THAT THE TOTAL VOLUME OP THE SOLUTION IS 537 ML. 
THE' IONIZATION CONSTANT OP Benzoic acid IS 6.60E-05 

t 

4. A SOLUTION PREPARED PROM 0.338 MOLE OP A WEAK ACID, 
HOC, AND 0.348 HOLE OP NaX DILUTED TO 4*>2 ML " 

HAS A pH OP 4.185.- WHAT IS THE IONIZATION CONSTANT OP HX ? 

5. A 2.476 H SOLUTION OP A WEAK ACID, HX, HAS A pH QP 5.750 , 
WHAT IS THE IONIZATION CONSTANT OP THE ACID ? 

6. WHAT IS THE DEGitEE OP IONIZATION OP A 1.302 M SOLUTION OP HCN 
WHOSE IONIZATION CONSTANT IS 4i00B-10 ? 



7. HOW MANY MOLES OP Benzoic acid MUST BE USED TO PREPARE € 
1.33 L OP SOLUTION THAT HAS A "pH OP 6.190 ? 
THE IONIZATION CONSTANT OP Benzoic acjftl IS . V 6 QE-05 • 



k 



8. A WEAK ACID, HX, IS 7.681 * IONIZED IN 0.402*M SOLUTION. 
WHAT PERCENT OP HX IS IONIZED IN A 3.273 M* SOLUTION ? 

•9. CALCULATE T!HE pH OP 1.472 M NH3 WHOSE IONIZATION CONSTANT 
IS 1.8E-5. 

10. HOW MANY HOLES OP THE SODIUM SALT SHOULD BE ADDED 
* TO 389 ML OF 0.184 M NaHSO, TO PREPARE A BUPPER 

WITH A pH OP 5.774 ? ASSUME THAT NO VOLUME CHANGE OCCURS 
WHEN THE SODIUM SALT IS A D-D ED TO THE SOLUTION. 
THE IONIZATION CONSTANT OP NaHSO, IS 5.60E-08 . 



t 




22 



y'i 



9 



~\ Probiea Set "4- 



A SOLUTION PREPARED v FROfr 0.373 HOLE OF A WBAK ACID, HX, 

DILUTED TO 492 ML HAS A pH OP 2.375 . WHAT IS THE pH 

OF THE SOLUTION A PTE By 0.338 HOLE OF SOLID Hal IS DISSOLVBD^IN IT? 

ASSURE THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

A SOLUTION PREPARED FROM 0.948 MOLE OF A WEAK ACID, 

HX, AND 0.778 HOLE OF NaX DILUT ED T O 155^ ML " 

HAS A pH OF 6.U89. WHAT IS THE IONIZATION CONSTANT OF HX 7 

WHAT IS THE DEGREE OF IONIZATION OF A ( 3. 198 M SOLUTION OF MaHbJ, 
WHOSE IONIZATION CONSTANT IS 5.60E-08 \ / » 

»HOW MANY HOLES OF HCN MUST BE USED TO PREPARE 

0.13 L OF SOLUTION THAT , HAS A pH OF 5.930 ? / 
THE IONIZATION CONSTANT OF HCN IS 4.00E-10 . - ; 

IF A WEAK ACID, HX,(lS 10.081 % IONIZED IN .1.370 M SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 25.4 81 X IONIZED? 

\, 

HOW M ANT MOLES OF THE SODIUM SALT SHOULD .BE ADDED 

TO 200 ML OF ' 0.531 M HAc TO PREPARE A BUFFER 

WITH A pH OF 3.750 ? ASSUHE THAT NO VOLUME CHANGE OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. > 

THE IONIZATION CONSTANT OF H Ac IS 1. 808-05 . 

A 4.684 M SOLUTION OF A WEAK ACID, HX , HAS A pH OF 6.600- . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

WHAT .IS THE pH 01 1.866 M HCN WHOSE IONIZATION CONSTANT IS 
4.0JT0E-10? 7 

♦ 

A BUFFER SOLUTION IS HADE UP* BT ADDING 0.382 HOLES OF THE SODIUM SALT 
TO 1.222 LITERS OF A 0.308 M SOLUTION OF NaHCO 3 WHOSE IONIZATION 
CONSTANT IS 4.800B-11.. WHAT IS THE pH OF THIS SOLUTION? 

WHAT IS THE CONCENTRATION OF Benzoic acid IN A SOLUTION PREPARED BY 
ADDING 63 ML OF 2.940 M OF THE SODIUM SALT TO 419 ML OF 1.640 M HCL ? 
ASSUHE THAT THE TOTAL VOLUHE OF THE SOLUTION IS 482 ML. 
THE IONIZATION CONSTANT OF Benzoic acid IS 6.60B-05 



' - V 



WHAT IS THE CONCENTRATION OF/HNO, IN A SOLUTION PREPARED BY 
ADHING 15 ML OF 2.650 H OF THE SOdAlSALT TO 279 ML OF 3**060 H/fTcL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 294 ML. • J 

THE IONIZATION CONSTANT OF HN02 IS. 4. 50B-04 ^ «r 

y 

HON HANI HOLES OF HF HUST BE USED TO w PRBPA#B * 

0 .18 L OF SOLUTION THAT HAS A pH OF 2*410 ? 

THE IONIZATION CONSTANT OF HF IS 7.00E-04 . 

A SOLUTION PREPARED FROM 0.381 MOLE OF A WEAK ACID, HX, 
DILUTED TO 459 ML HAS A pH OF 3.085 . WHAT* IS THE pH 
OF THE SOLUTION AFTER 0.458 MOLE OF SOLID NaX IS DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 
WHEN THE NaX IS DISSOLVED IN THE SOLUT.^OjU 

CALCULATE THE pH OF 1.782 M METHYL AMI NE WHOSE IONIZATION CONSTANT 
IS 1 .8E-5. 

. \ - 
HAc IS 8.94E-03 % IONIZED IN 4.446 M SOLUTION. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 

A 4.564 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF 3.200 . 

- what is *he Ionization constant of the acid ? 

HOW MANY HOLES OF THE SODIUM SALT SHOULD BE ADDED 

TO 199 ML OF 0.779 H HNO, TO PREP ABE A BUFFER 

WITH A pH OF 4.104 ? ASSUME THAT NO VOLUME CHANG E OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 

THE IONIZATION CONSTANT OF HNO t IS 4. 50E-04> . 

A SOLUTION ^PREPARED FROM 0.709 MOLE OF A WEAK ACID, 

HX, AND 0.0Z3 MOLE OF NaX ; DILUTED TO 424 ML ■ t 

HAS A pH OF 3.590. WHAT IS THE IONIZATION -CONSTANT OF HX ? 

A BUFFER SOLUTION IS MADE UP BY ADDING 1.022 HOLES OF THE SODIUM SALT 
TO 2.042 LITERS OF A 0.521 M SOLUTION OF HAc WHOSE IONIZATION 
CONSTANT IS 1.800B-05. WHAT IS THE pH OF THIS SOLUTION? , 

A WEAK ACID, HX, IS 5.481 % IONIZED IN 0.86<T^M SOLUTION. 
WHAT -PERCENT OF HX IS IONIZED IN A 1.758 M SOLUTION ? 




Problta s«t 6. . ~». 1._ .* 

* » . 

A BUFFER SOLUTION IS HADE OP Bt ADDING 0.682 HOLES' OF THE SODIUM SALT 

to 1.122 /Liters op a 0.442 h solution or por»ic •cid>H0sE ipnization 

CONSTANT IS 2.100E-04. WHAT IS THE J>H OF THIS SOLUTION? 

A SOLUTION 7 PREPARED FROH 0.727 HOLE OP A HEAR AGIO, HX, 

DILUTED TO 248 HL HAS A pH OF 5.635 . WHAT IS THE pH 

OF THE SOLUTION AFTER 0.238 HOLE OF SOLID NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLU N E CH ARC E_ OCCU R S 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

WHAT I S THE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BT 
ADDING 15 ML OF 4.850 H OF THE SODIUH SALT TO 409 HL OF 0.270 H HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 424 HL. . 
THE IONIZATION CONSTANT OF Propionic a.cid IS 1.40E-05 

HOW HA NT HOLES OF THE SODIUM SALT SHOULD BE ADDED 

TO 392 ML OF 0.936 M HCIO TO PREPARE A BUFFER 

WITH A pH OF 6.664 ? ASSUME THAT NO VOLUME CHANGE OCCURS 

WHEN THB SODIUM SALT IS ADDED TO THE SOLUTION, 

THE IONIZATION CONSTANT OF HClO IS 3. 20E-08 ♦ 

A 2.872 M SOLUTION OF A WEAK ACID, HX , HAS A pH OF 5.800 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

/ • " ! ' • > 

IF A WEAK ACID, HX, IS 17.781 % IONIZED IN 3. 840 N; SOLUTION, 
AT WHAT CONCENTRATION'S THE ACID 38.881 .* IONIZED? 

v 

WHAT IS THE DEGREE OF IONIZATION OF A 2.748 M SOLUTION OF Benzoic acid 
WHOSE IONIZATION CONSTANT IS 6.60E-05 ? 

WHAT IS THE pH OF <• 3.294 H For«ic acid WHOSE IONIZATION CONSTANT IS 
2.100E-0/4? 

HOW MANY/ MOLES OF HAc MUST BE USED TO PREPARE 
0.66 L OF SOLUTION THAT HAS A pH OF 6.105 ? 
THE IONIZATION CONSTANT OF HAc IS 1.80E^05 .. 

A SOLUTION PREPARED FRol 0.469 MOLE OF A WEAK ACID, 

HX, ANjD 0.448 - MOLE OF NaX DILUTED TO 313 ML 

HAS A pH OF 3.300. WHAT IS THB IONIZATION CONSTANT OF HX ? 



NX 
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2. 



5, 
6\ 
7. 



8. 



9. 



10. 



...V.' 



ProbO.** S«t 7 



A SOLUTION PREPARED JRCH 0.810 (10 LB Of A WEAR ACID, 
HI, AMD ,0.978 MOLE OP'HaX DILUTED TO 287 ML 
HAS/ A pH OP 6. 335. WHAT IS THE IQNIZA;M0N CONSTANT OP HX ? 

WHAT tS rTH B DEGREE OP IONIZATION OP' J/ 5.064 M SOLUTION OP HP 
WHOSE IONIZATION CONSTANT IS LoOE-04 ? 



ft 
■'V 



' v. ) 



HOW MANY HOLES OP H Ac . MUST BE OS ED TO PREPARE 
0.7.2 L OP SOLUTION THAT HAS A pH OP 4.505 ? ' \- 

THE IONIZATION "CONSTANT OP HAc IS 1.8 0B-05 . <. ; 

■ • ■'. • ' y: " " ' , ■ * ' ■ " - 

IF A WEAK ACID, HX , IS 17.081 * IONIZER IN 4.755 N Sd LUTION, 
AT WHAT CONCENTRATION 1$ THE ACID 27. 1 81 % IONIZED? 

CALCULATE. THE pH OP 1,744 M METHYL AMI NE WHOSE IONIZATION CONSTANT 
IS K8E-5. 



A .6. 646 U SOLUTION OP A, WEAK ACID, HXV HAS A 'pH OP 6.600 . 
WHAT IS THE IONIZ^TION^CONSTANT OF* THE ACID ? 

A SOLUTION PREPARED PROM 0,536 MOLE OP A WEAK ACID, ,HX, 
DILUTED TO 325 ML HAS A pH OP 2.000 . WHAT IS THE pH 
OF THE SOLUTION AFTER 0.748 MOLE OP SOLtD, N-aX IS DISSOLVED IN IT? 



-■'V 



ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 
WHEN THE'NaX IS DISSOLVED IN THE SOLUTION.' ": , 



HOW MANY MOfcES OJLJLHE SODIUM SALT SHOULD, BE ADDED 
Tp 203 ML OF /O/77.0 H Propionic acifl TO PREPARE A BUFFER 
WITH A" pH OF 4 ; 289 ? . ASSUME* THAT NO VOLUME CHAN-GB OCCURS 
WHEN THE SODIUM SALT IS ADD^D TO THE SOLUTION. 
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05*. 

A BUFFER SOLUTION IS MADE UP .BY ADDING 0.122 MOLES OF THE SODIUM SALT 
TO 1.342 LITERS OF A 0.175 M SOLUTION OF HNO t WHOSE IONIZATION 
CONSTANT IS 4.500E-0&. WHAT IS THE pH OF THIS SOLUTION? , 't 

WHAT IS THE CONCENTRATION OP- Poriic *cifl IN A SOLUTION PREPARED B! , . * E '$ 
ADDING ,61 ML OF 4.795 M r OF THE SODIUM SALT TO 152 ML OF 1 .405 % HCL •? 
ASSUME THAT THE TOTAL VOtUME OF THE SOLUTION IS 213 ML. 
THE IONIZATION CONSTANT OF Por»ic* acid IS 2. 10E-04 




Probl«i s«t 8 



• . • -: A •• •-• ' ■ ■ • v. . ■■ 

j_ V. )W.u AT IS THE OKNCENTRATION Of HP IN A SOLUTION PREPARED RY. 

ADDING ,25 ML OP 2.400 N OF* THE SODIUH SALT TO 24 «L OP 5,070 H HCL 7 
ASSURE THAT THE TOTAL VOLUME OP THE SOLUTION IS 49- ML. 
• ' THE IONIZATION CONSTANT OP HP IS 1 7.Q0B-04 i 

v.- - i < v * • '.' • . ' •• . ' 1 , 

; 2; HOW H"ANY HOLES OP THE SODIUH SALT. SHOULD BE ADDED" ' * 
TO 1 HL Of 6-.605 N HCIO $0 PREPARE A BUFFER „ 1 

. WITH A pH OP 2,524 ?*., ASSUME THAT NO VOLUME CHANGE OCCURS 
WHEN THE SODIUH SALT IS ADDED TO THE SOLUTION. 

_ — THE IONIZATION CONSTANT OP HCIO IS '3. 20E-08 . '' T ' , ~ 

> • • '• . • •" .. 'V ' ,. '•' ' 

" 3. H*OW MANY HOLES OP Benzoic : acid MUST BE USED TO PREPARE 

1.18 L OF SOLUTION THAT HAS A pH OP 3.610 ? • r < 

T.HE IONIZATION CONSTANT OP Benzoic acta IS 6.60E-05 . ' 

• v . • ? - J ' ' "A 

4s A 2,. 068 H SOLUTION OP A WEAK ACID, HX, HJlS A pH OP 4.550 . 
, :j WHAT IS THlS IONIZATION CONSTANT* OF THE ACID ? 

% > I ••" ■' ■ - *.*v ■ ' / : . .: . •< • , ' 

% CALCULATE THE pH OF 0.928 M METHYL AMI NE WHOSE IONIZATION CONSTANT 

is 1 ^ ' ■ * ' : 

•• , y •• ' '.• ■ • v". ' " - 

6. IP A WEAK ACID/ HX, IS 19.981 X IONIZED IN 4.910 N SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 12.081 % IONIZED? 

7. WHAT IS THE DEGREE OF IONIZATION OP A 5.568 Jl SOLUTION OF HCIO 
WHOSE IONIZATION CONSTANT IS' 3.20E-Q8 ? '• | 

'8.; A B UPPER SOLUTION IS HADE UP BY ADDING 0.682. HOLES OP THE SODIUH SALT 
TO 1.122 LITERS OF A 0.150 M SOLUTION OF NaHC0 3 WHOSE IONIZATION 
CONSTANT I ST^ U.800E-V1. WHAT IS THE pH OF THIS SOLUTION? 

9.. *A SOLUTION PREPARED FROM 0i 588 HOLE OP A WEAK AC*D, 

H*X, AND 0> 038' -MOLE OR N*X -DILUTED TO 208 .ML 
\, HAS A pH OF 4.114. WHAT IS. THE I6NIZA.TJON CONSTANT OF ,HX ? 

lO^T A SOLUTION PREPARED FRCM 0.555 MOLE OP »A WEAK ACID, HX, 
... « DILUTED TO 2«3 ML HAS A pH OF 4.545 . WHAT. IS THE pH 

OP THE SOLUTION AFTER 0.518 MOLE OP SOLID ifaX IS DISSOLVED IN IT7 
ASSUME THAT NOi SIGNIFICANT* V0LOHB CHANGE OCCURS .' ," } 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. v 



Probiep Set "9 



1. If A >BAK ACID, HX, IS 9.881 % IONIZED IN 2.635 H SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 24.701 % IONIZED? 

• 2. WHAT Is'tHE CONCENTRATION OF HF IN A SOLUTION PREPARED Bt 
■■j." ADDING 64 I1L OF 3.660 H OF THE SODIUM 3ALT TO 148 ,ML OF 0.630 M HCL ? 

\— • ASSUME THAT THE TOTAL VOLOHE OF THE SOLUTION IS 2*12 ML. 

- ." . THE IONIZATION CONSTANT OF HF IS 7.00B-04 



t v k A SOLUTION PREPARED FRCM 0.864 HOLE OF A WEAK ACID, HX, 

'V * ; \ DILUTED TO 248 HL HAS A pH OP 6.194 . WHAT IS THE pH 
/ V IoKTHE SOLUTION AFTER 0.668 HOLE OP SOLID %aX IS DISSOLVED IN IT? 

fr ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 
h * VtfHEN THE NaX IS DISSOLVED IN THE SOLUTION. * . 

aV — . , ■ . 

V 4 < r SOLUTION PREPARED FRCH 0.591 MOLE OF A WEAK ACID, 
£1 A: AND 0.938 MOLE OF NaX DILUTED TO 417 ML 

; '-^' V HA^ A pH OF 5.475. WHAT IS THE IONIZATION CONSTANT OF HX ? 

k S.'fc A BUFFER SOLUTION IS MADE UP BY ADDING 0.682 MOLES OF THE SODIUM SALT 
' % 10 0.622 LITERS OF K 0.854 M SOLUTION OF HF WHOSE IONIZATION 
" iH '% \ CONSTANT IS 7.000E-04. WHAT IS THE pH OF THIS SOLUTION? 

6/ LcfALCULATE TH£ pH OF 1.704 M METHYLAMINE WHOSE IONIZATION CONSTANT 

:Ssb. ' ■ i,8E-5. : . / - • ._ . . , 

'■M 7v^AV^5.i748.M SOLUTION OF A WEAK ACID, HX , HAS A pH OF/ 2.900 . 
M$ .. f #fifl' A XS THE IONIZATION CONSTANT OF THE ACID ? 



8. - HOW ."MANY HOLES OF HClO MUST BE USED TO PREPARE 
1^8 9. L OF SOLUTION THAT HAS A pH OF 3.925 ? 
^•ift; THL IONIZATION CONSTANT OP HClO IS 3. 20E-08 . 

tjU.RY 'H01BS OF THE SODIUM SALT SHOULD BE ADDBD 



. V *»i 9. HW.MiANY HOLIES OF THE SODIUPT 5 ALT Muulu de. auui 
' *>TO*.i?*54 ML oK 0.458 M HClO TO PREPARE' A BUFFER 

%JtTH> & pH OF 5.779 ? ASSUME THAT NO VOLUME CHANGE OCCURS 
^ ''itftfctf^tfR SODIUM SALT IS ADDED TO r THE SOLUTION. , 



f HE IfWZ ATI ON CO NST ANT OF HC1 0 IS 3. 20 R-*08 

•:^Vvt|' # . WRAT HS 'WE DEGREE OF IONIZATION OF A |.764 
•''■■■ £,' WHOSE VtONIZATION CONSTANT IS 5.60E-08 f 



M SOLUTION OF NaHSO, 



S 



8 
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\ 



I. WHAT IS THE CONCENTRATIQH Q_F HCH IB A SOLUTIOH PREPARED BY _ 

ADDING 73 ML OP 4.015 H OP THB SODIUH SALT TO 110 HL.OF 1.130 H HCL ? 
ASSUHE £H AT, THE TOTAL VOLUHB OF UHB SOLUTION IS 183 HL. 
TllB^IOiriZATION CONSTANT OP HCH IS 4.00E-10 

2* A 2.410/ H SOLUTIpN OP A WEAK ACID, HX, HAS A pH OP ' 5 . 100 . 
WHAT IS /THE IONIZATION ^CONSTANT OP THE AqiD 7 

3. A SOLUTION PREPARED FROH. 0.867 HOLE OP A. WEAK ACID, * 
HX, AND 0.68B HOLE OP Ha"X DILUTED TO 442 HL ' 
HAS A pH OP 5. 500. WHAT IS THE IONIZATION CONSTANT OP HX 7 

4. A WEAK ACID, HX, IS 14.881 X IONIZED IN 1.482 H SOLUTION. 
WHAT PERCENT OP HX IS IONIZED IN A 3.888 H .SOLUTION 7 



5. HOW HANI HOLES OP HClO MUST BE USED TO PREPARE y>Jk**0 
0.54 L OF SOLUTION THAT HAS A pH OP 5.725 7 * 
THE IONIZATION CONSTANT OP HC10IS 3. 20E-08 

6. CALCULATE THE pH OF 1.678 H NH3 WHOSE IONIZATION CONSTANT 
IS 1.8E-5. 

7. A BUFFER SOLUTION IS HADE UP BY ADDING 1.142 HOLES OF THE SODIUH SALT 

TO 1.602 LITERS OF A 0.243 M SOLUTION OF Propionic acid WHOSE IONIZATION 
CONSTANT IS 1.40QF>05. WHAT IS THE pH OF THIS SOLUTION? 

■ ■ ■ - ■ - . , \ - 

8. HOW HANY HOLES OF THE SODIUH SALT SHOULD BE ADDED 

TO 475 HL OF 0.888 N Benzoic acid TO PREPARE A BUFFER 

WITH A pH OF 4.310 7 ASSUHE THAT NO VOLUHE CHANGE OCCURS ,i 
WHEN THE SODIUH,SALT IS ADDED TO THE SOLUTION. 

THE IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05 V . . , * 

9. A ' SOLUTION PREPARED FROH 0.998 HOLE OF A WEAK ACID, HX, 
DILUTED TO 425 HL HAS A pH OF* 4.420 . WHAT IS THE pH 
OF THE* SOLUTION AFTER 0.228 HOLE OF SOLID NaX IS DISSOLVED IN IT7 
ASSUHE THAT NO SIGNIFICANT VOLUHB CHANGE OCCURS ^ * 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

10. NaHSO, IS 4.07E-04 X IONIZED IN 2.958 H SOLOJJON. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID1 




X ■ • 
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1. 

2. 

4. 



5. 
6. 



8. 



9. 



10. 



A BUFFER SOLUTION IS MADE OP Bf A DDI WO 0.662 HOLB$ OF *HB SODI OH SALT 

TO 1.362 LITERS OF A 0.193 H SOLOTIOW OF HNO t WHOSB IOWI1AT ION * " ~ 

COH ST AWT IS* 4;500B-04. WHAT IS THE pH OF THIS SOLUTION? v 



CALCULATE THE pH OF 1.680 H HETHTLAHINB WHOSE IONIZATION CONSTANT 
IS 1 .8B-5. . '■> 

A Jl«-fl -SOLD TIOH * OF, A _WJULK_ACLEL»_HX >-HAl-A_pJt -OF^ 3 -1^2_Q0, . 



WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

' . * V ■ • ' , • ■ * . ' ' 

A SOLUTION PREPARED PR OH 0.678 HOLE OF A. WEAK ACID, HX, 
DILUTED TO 339 HL HAS A pH OF* 4.819 . WHAT IS *THE \ pH 
OF THE SOLOTIOW AFTER 0.6U8 HOLE OP SOLID NiX IS DISSOLVED IH IT? 
ASSUME THAT NO SIGNIFICANT VOLUHE CHANGE OCCURS 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. A 

WHAT IS THE DEGREE. OF IONIZATION OF A 3.568 N SOLUTION OF Benzoic acid 
WHOSE -IONIZATION CONSTANT IS 6.6J3E-05 ? 



IF A WEAK ACID, HX , IS. 16. $81 % IONIZED IN 2. 260 fl SOLUTION, 
AT WHAT CONCENTRATION IS THE 'ACID 16,081 76 IONIZED? 



WHAT IS THE CONCENTRATION OF HC10 IN A SOLUTION PREPARED BY 

ADDING 69 HL OF 2.825 H OF THE SODIUM SALT TO 362 HL OF 2.965 H HCL ? 

ASSUME THAT THE TOTAL VOLUHE OF THE SOLUTION IS 431 ML. . 

The ionization constant of hcio i,s 3.20E-08 \ 

A SOLUTION PREPARED FROM 0.166 HOLE OF A WEAK ACID, 
RX, AND 0.218 MOLE OF NaX DILUTED { TO 358 ML * 
OF 6.* 



HAS A pH 



994. WHAT IS THE IONIZATION CONSTANT OF»HX ? 



HOW MANY HOLES OF THE SODIUM SALT' SHOULD BE ADDED 
TO T33 HL 0§ 0.482 H HF TO PREPARE A. BUFFER. 
WITH X pH OF- 6.770? ASSUHE THAT NO VOLUHE CHANGE OCCURS 
WH-EN THE SODIUM SALT IS ADDED TO THE SOLUTION. 
THE IONIZATION CONSTANT OF HP IS . 7.00E-04 . 



HOW MANY HOIrES OF HNO t MUST BE USED TO PREPARE 
1.37 L OF SOLUTION THAT HAS A pH OF 5.615 ? 
THE IONIZATION .C6NSTANT OF HNO, IS 4. 50E-04 . 



30 
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A SOLUTION PRBPARBD FlO* 0.353 HOLE Of A If IK ACID, HX, •> • ■ 

DILUTED TO 383 HL HAS~A pH OF 6,. 159 Y IB AT IS THE pH 

OP THE 'SOLUTION APT BR 0,078 HOLE OP SOLID WaX IS DISSOLVED IB If? 

ASSUME THAT BO SIGNIFICANT VOLUME CHARGE OCCURS 

WHEN THE NaX IS DISSOLVED IB THE S.OLUTION. 

A SOLUTION PREPARED PROM , ' 0, 288 MOLE-OP A WBAK ACID, 

HX, AMD 0.438 HOLE OP MaX DILUTED TO 337 ML 

HAS A pH OP 6. 425, WHAT IS. THE IONIZATION CONSTANT OP HX 7 

HNO, IS 5.07E-02 * IONIZED IN 5.766 M SOLUTION. 1 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 

A BOPPER SOLUTION IS HADE DP BY ADDING 0.063 HOLES OP THE SODIUH SALT 
TO 1.563 LITERS OP A 0.607 M SOLUTION OP HAc WHOsl IONIZATION ■?. 
CONSTANT IS 1.800E-0%, WHAT IS THE pH OP THIS SOLUTION? 

HOW RANT MOLES OP THE SODIUH SALT SHOULD BE ADDED * * 

TO 246 ML OP 0.875 H.HCIOTO PREPARE A BUPPER 

WITH A pH OP 2.449 ? ASSUME THAT NO VOLUME CHANGE' OCCURS 

WHEN THE SODIUH SALT IS ADDED TO THE- SOLUTION. 

THE IONIZATION CONSTANT OP HClO IS 3.20E-0A . 

A 5.134 H SOLUTION OF A WEAK ACID, HX, HAS A pH OP 4.600 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

f T t 

HOW MANY HOLES OF Benzoic acid MUST BE USED TO PREPARE 

1.17 L OF SOLUTION THAT HAS A pH OP 3.540 ? 

THE IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05 . 

IF A WEAK ACID, HX, IS 1.981 % IONIZED IN 0.360 M SOLUTION, 
At WHAT CONCENTRATION IS THE ACID 6.181 % IONIZED? $ 

WHAT IS THE CONCENTRATION OF NaHCO, IN A SOLUTION PREPARED BY - 
ADDING .18 HL OF 4.535 M OF THE SODIUM SALT TO 55 ML OF 4.525 M HCL ? 
ASSURE' THAT THE TOTAL VOLUME OP THE SOLUTION « IS 73 ML. 
,THE IONIZATION CONSTANT OF NaHC03 IS 4.80E-11 

CALCULATE THE pH OF 0.826 H METHYL ANINB WHOSE IONIZATION CONSTANT 
IS 1.8E-5. 



1. HOW RANT HOLES OF THI SODXUR SALT SHOULD BE ADDED J 

* TO 2<I6 HL OF 0.508 H B«ftloic acid TO PREPARE A BUFF BR 

VITH k pH OF 3.675 ?\ ASSURE THAT MO VOL1ME CHANGE OCCURS 

WHEN THE SODIUH SALT IS ADDBD TO THE SOLUTION. 

THE IONIZATION CONSTANT OF Benzoic Acid IS '*6. 60**Q5 . 

2. A BUFFER SOLUTION IS HADE UP BY ADDING 0^1,52 HOLES OF THE SODIUH SALT 

TO -fry 732 LITERS OF A 0.843 H S QftUTiOff-OF-HN Og WH OS E IONIZATION — L_L 

CONSTANT IS 4.500E-04. NHliT" IS THE pH OF THIS SOLUTION? 

" * \ 

3. A SOLUTION PREPARED FROH 0.393 HOLE OF A WRAK ACID, 
HX, AND 0.138 HOLE OF NaX DILUTED TO 256 HL 

HAS A pH OF 2.484. WHAT IS THE IONIZATION CONSTANT OF^HX ? 

4. A 6.442 H SOLUTION OF A WEAK ACID, HX, HAS A pH OF 2.500 
WHAT. IS THE IONIZATION CONSTANT OF THE ACID 7 

5. CALCULATE THE pH OF 0.328 H HETHYLAHINE WHOSE IONIZATION CONSTANT 

, is 1 .8E-5. • ' ' -'" '. : 

6. A WEAK ACID, HX, tS 25.8.81 % IONIZED IN 1.304 H SOLUTION. 
WHAT PERCENT OF HX IS IONIZED IN A 4.838 H SOLUTION 7 

7. WHAT IS THE CONCENTRATION OF Foraic acid IN A SOLUTION PREPARED BY 

v ADDING 88 HL. OF 5.090 H OF THE SODIUH SALT TO 4 - 118 HL OF 1.285 fl HCL 7 
ASSUHE THAT THE TOfaL VOLDHE OF THE SOLUTION IS 206; HL. 
s , THE IONIZATION CONSTANT OF F$r»ic acid IS 2.10E^04 

8. WHAT IS TH E \DEGJ|HSE^OF IONIZATION OF A 5.622 H SOLUTION OF NaHCO, 
WHOSE IONIZATION CONSTANT IS 4.80B-11 7 

- / - ■ 

9. A SOLUTION PREPARED FROH 0.716 HOLE OF A WEAK ACID, HX, 
DILUTED TO 152 HL HAS A" pH OF 4.755 . WHAT IS THE pH v 
QF THE SOLUTION AFTER 0.398 HOLE OF SOLID NaX IS DISSOLVED IN IT7 
ASSURE THAT NO SIGNIFICANT VOLUHE "CHANGE OCCURS 
WHEN THE *aX. IS DISSOLVED IN THE SOLUTION. 

10. HOW, HANY HOLES OF HClO HUST BE USED TO PREPARE ■ 
0.65 L OF SOLUTION THAT HAS A pH OF 2.925 7 
THE IONIZATION CONSTANT OF HClO IS 3.20E-08 . 



, Problta s#t 14 

. _. . . . ■ • v. , . . •. . __ I. 

A SOLUTION PREPARED FRCH 0.798 HOLE Ofr A WEAK ACID, * „• ' «. u 
HX, AND 0,448' MQLJ5 OP Ma.X DILDTED TO 181 HL i 

HAS A pH OF 3. 5G9< WHAT IS THE IONIZATION CONSTANT OP HX ?; , # 

* -V ■ ■ . v ' " K. 

HOW MANY HOLES OF Benzoic acid HUST BE USED- TO /.PREPARE 
2; 03 L OP SOLUTION TtfAT HAS A pH OF v« • $20 ? 
TH.E IONIZATION. CONSTANT OF Ben zoic* acid IS 6.60E«j05 . 



A BUFFER SOLUTION IS H AbE UP BY ADDING 0.502 HOLES OF THE SpDIOH SALT 
TQ 0.282 LITERS OF A C.777J1 SOLUTION OF NaH cfoj WHO*SE IONIZATION »/ 
CONSTANT IS 4.800 E-1 1. WHAT IS THE pH OF THIS SpLUTION? 

A 3.460**M SOLUTION OF A W B A* ACt.D, HX , HAS A pH OF 5.7D0 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ?,.. V ■ 



4 \ 



v » •■ \ 

CALCULATE THE .pH OP 1.236 N NETH^LAMINE WHOSE IONIZATION, CONSTANT 
,IS 1 .8.E-5* .v * ■ 

\ - T • ' f - " • 

IF A WEAK ACID, H^, IS 7.281 %' IONIZED IN 1.895 H SOLUTION, 
AT WHAT CONCENTRATION IS THE ( ACID 22.581 .% IONIZED? v ; 

HOW MANY HOLES OF THE sdDIUH SALT SHOULD BE ADDED 

TO 392 ML OF 0.204 N N«HSO£ TO PREPARE A; BUFFER 

WITH A pHOF 3.324 ? ASSUHE THAT NO VOLUME CHANGE OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 

THE IONIZATION^ CONSTANT OF NaHSO, IS, 5.60E-08 

v W HA T IS THE CONCENTRATION OF HF IN A SOLUTION PREPARED BY 
ADDING , 1 ML OF 1. 360; M pF THE SODIUM SALT TO 43£ ML OF 2.075 M HCL ? 
ASSUHE THAT THE TOTA^VOLUNE OP THE^ SOLUTION IS 433 ML. 
THE IONIZATION CONSTANT OF HF IS/ 7*.O0E-04 

A SOLUTION P RWMfR v "EO PR OH 0.175 HOLE OF A WEAK ACID, HX, 

DILUTED TO .407 HL HAS A pH Of. 5.659 . WHAT IS THE pH * 

OF THE SOLUTION AFTER 0.158 HOLE OF SOLID NaX IS DISSOLVED IN IT? , 

ASSUME THAT NO SIGNIFICANT VOLtJME CHANGE OCCURS 

W HEN THE NaX IS DISSOLVED IN THE SOLUTION. \ 

WHAT IS THE DEGREE OF IONIZATION OF A 5.742 M SOLUTION OF NaHCOj 
WHOSE IONIZATION CONSTANT IS 4.80E-11 ? " » ' 
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< . , . - . r _ 

A' BUFFER SOLUTION IS HADE OP BT ADDING 0.672 HOLES OF THE SODIUH SALT , v 
TO 1.U92 LITERS OF A 0.473 H SOLUTION OF Propionic acid WHOSE IONIZATION* 
CONSTANT ISr 1.UO0E-05. WHAT IS THE pH OF THIS SOLUTION? 

' \ • » * ;: . "i- 

A SOLUTION PREPARED FROM 0.964 H0LE\OF A WEAK ACID, 
tlX, AND' 0.458 HOLE OF NaX DM.UTED TO 330 HL 
HAS A f9H OF 4.085, WHAT IS THE IONIZATION CONSTANT OF HX ? 

^HAT IS THE CONCENTRATION OF HCN IN A SOLUTION PREPARED BY 

ADDING 28 ML OF 0.880 N OF THE SODIUH SALT TO 50 1 ML OF 1.000 H HCL 7 

ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 529 HL. 

THE IONIZATION CONSTANT OF HCN 1$ . 4.00E-10 

* >. ' ., ' .. •. 

HOW MANY MOLES OF THE SODIUM SALU SHOULD BE ADDED . , 

TO 315 ML OF 0.809 M Formic acid TO PREPARE A BUFFER 
WITH K pH OF U. 670? ASSUME THAT NO VOLUME CHANGE OCCURS 
WHEN THE SODIUM SALT IS ADDSD TO THE SOLUTION. 
THE IONIZATION CONSTANT OF Foriic acid IS 2. 10E-04 . 

IF A WEAK ACID , HXw I* 2.881 %. IONIZED IN 4.475 M SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 30.881 % IONIZED? 

WHAT IS THE DEGREE OF IONIZATION OF A 5.772 M SOLUTION OF HF 
WHOSE IONIZATION CONSTANT IS 7i0,pB-O4 ? 

A 2.614 M SOLUTION OF A WEAK ACID; HX, HAS A pH OF 2. COO . < < 

WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

HON MANY MOLES OF Propionic acid MUST BE USED TO PREPARE ^ ' v y 

c 1.32 L OF SOLUTION THAT HAS A pH OF 5.410 ? ; v 
THE IONIZATION CONSTANT OF Propionic acid IS ^t.40E^05 . 

WHI}T IS THE pH OF 4.U04 M -VaHSoj WHOSE IONIZATION CONSTANT IS 
5.6 00E-08? 

A SOLUTION PREPARED FROM 0.844 MOLE OF A WEAK ACID, HX, 

DILUTED TO * 272 NL'HAS A pH OF 5.475 . WHAT IS THEpH 

OF THE SOLUTION AFTER 0.428 MOLE OF SOLID NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS ' 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. - 
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A WEAK ACID, HX, IS 22.781 1K IONIZED IN 0.862 M SOLUTION. 
WHAT PERCENT OF HX IS IONIZED IN K 3.598 N SOLUTION ? 

WHAT IS THE pH OE 0,408 H Benzoic acid WHOSE IONIZATION, CONSTANT IS 
6.600E-05? . . . 1 . . 

HON HANI HOLEg OF HClO MUST BE USED TO PREPARE 
0.61 L OF SOLUTION THAT HAS A pH OF 2.725 ? 
THE IONIZATION CONSTANT OF HClO IS 3. 20B-08 » 

___ _^ : , % l • • %■ i ^ i_ 

A SOLUTION PREPARED FROM 0.194 HOLE OP A WEAK ACID, HX, 
DILUTED TO, 122 ML HAS . A pH OP k 2.779 . WHAT IS THE pH 
OF fltE SOLUTION* AFTER 0.488 MOLE OF SOLID NaX IS DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS, 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

/ V 

WHAT IS THE CONCENTRATION OF HF IN A SOLUTION PREPARED BY 
ADDING : 23 ML OF 6.710 H OF THE SODIUM SALT TO 309 ML OF 1.815 M HCL 
ASSUME THAT THE TOTAL /VOLUME OF THE SOLUTION IS 332 ML. 
THE" IONIZATION CONSTANT OP HF IS 7.00 E-04 

WHAT IS THE DEGREE OF IONIZATION OF A 0.444 M SOLUTION OF HN0 2 
WHOSE IONIZATION CONSTANT IS 4.50E-04 ? « 

HOW MANY MOLES OF TJHE SODIUM. SALT. SHOULD BE ADDED 

TO 363 ML OF ■ 0.229 M Formic acid TO PREPARE A BUFFER 

WITH A pH OF 5.890 ? ASSUME THAT, NO VOLUME CHANGE OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. K 

THE IONIZATION CONSTANT OP Formic acid IS 2. 10E-04 . 

A BUFFER SOLUTIONIS MADE UP- BY ADDING 1.313 MOLES OF THE SODIUM SALT 
TO 6.813 LITERS OF A 0.079 M SOLUTION OF Formic acid WHOSE IONIZATION 
CONSTANT. I S 2. 100E-04". WHAT IS THE pH OF THfS SOLUTION? 

ABSOLUTION PREPARED FROM 0.509 MOLE OF A WEAK ACID, 
HX, AND 0.128 MCLE OF NaX DILUTED TO 300 ML 
HAS A pH OF 3.185. WHAT IS THE IONIZATION CONSTANT OF HX ? 

A 4.558 M SOLUTION OF A WEAK ACID, HX , HAS A pH OF 3.750 . 
WHAT IS THE IONIZATION" CONSTANT OF THE ACID ? 
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1. A BUFFER SOLUTION IS BADE OP BY ADDING 0.-1 12 -MOLES OP THE SODIUM SALT 
TQ 0.712 LITERS OF A 0 . 1 37 M SOLUTION OP H AC WHOSE IONIZATION 
CONSTANT IS 1.80\jE-05. WHAT IS THE pH OF THIS SOLUTION?' 

2. A SOLUTION PREPARED FROM 0.521 MOLE OP A ' WEAK ACID, 
HX, AND 0.658 MOLE or NaX DILUTED" TO 280 ML 

HAS A pH OF 3.265. WHAT IS THE IONIZATION CONSTANT OF HX 7 

3. A WEAK ACID, HX, IS 8.981 % IONIZEp IN 0.320 M SOLUTION. _. ) 
WHAT PERCENT OF HX IS IONIZED IN A 2.733 M SOLUTION ? 

H: A SOLUTION PREPARED FROM 0.097 MOLE..OF A WEAK ACID, HX, 

DILUTED TO 253 ML HAS A pH OF 5.694 WHAT IS THE pH • 

OF THE SOLUTION AFTER 0.808 MOLE OF SOLID NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE, OCCURS 

WHEN THE Naft T S DISSOLVED IN THE SOLUTION. s * 

5. WHAT TS THE pH OF 1.200 M Benzoic acid WHOSE IONIZATION CONSTANT IS 
• 6.600E-05? 

6. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED < $ 
TO 480 ML OP 0.213 M HN0 2 TO PREPARE A BUFFER 

WITH A pH OF 4.789 ? ASSUME THAT NO VOLUME CHANGE OCCURS 
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 
THE IONIZATION CONSTANT OF HNO* IS 4. 50E-04 .. 

7. HOW MANY MOLES OF NaHSO, MUST BE USED TO PREPARE 
1.70 L OF SOLUTION THAT HAS A pH OF 3.125 ? 

N THE IONIZATION CONSTANT OF NaHS0 3 IS 5.60E-08 . 

8. WHAT IS THE DEGREE. OF IONIZATION OF A 5.010 H SOLUTION OF Fornic acid 
v WHOSE IONIZATION CONSTANT IS 2.10E-04 ? 

9. A 3.310 M SOLUTIOJS. OF "> A WEAK ACID, HX, HAS A pH OF, 3.250 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

10. WHAT IS THE CONCENTRATION OF Benzoic acid IN' A SOLUTION PREPARED BY * 
ADDING 26 ML OF 2.090 M OP THE SODIUM SALT. TO 103 ML OP 4.900 M HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION' IS 129 ML. 
THE IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05 
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1. WHAT TS THE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BY 
ADDING 42 ML OF 2.990 M OF THE SODIUM SKLT TO *4S0 ML OF 2.130 M HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 492 ml. 

THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05 

2. A SOLUTION PREPARED FROM 0.471 MOLE OF A WEAK ACID, 
HX, AND 0.668 MOLE OF NaX DILUTED TO 236 ML 

HAS A pH OF. 5.885. WHAT IS THE IONIZATION CONSTANT OF HX ? 

3* A . 2.048 M SOLUTION OF A WEAK ACID, HX, HAS K pH OF 6.500 . 

WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

« 4. HOW MANY MOLES OF NaHSO, MUST BE USED TO PREPARE 
0.39 L OF SOLUTION THAT HAS A pH OF 6.670 ? 
THE .IONIZATION CONSTANT OF HaHSO, IS 5. 60 E- 08 . 

5. WHAT IS THE pH OF 3.792 M NaHCO, WHOSE IONIZATION CONSTANT IS 

4.800E- 11? * 

t 

6. IF A WEAK ACID, HX , IS 18.981 % IONIZED IN 0. 570 H SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 14.781 t IONIZED? 

7. A BUFFER SOLUTION IS MADE UP BY ADDING 1.052 MOLES OF THE SODIUM SALT 
TO 1.432 LITER S OF A 0.946 M SOLUTION OF.HCN WHOSE IONIZATION 
CONSTANT IS 4.000E-10. WHAT IS THE pH OF THIS SOLUTION? 

8. HCN IS 3^lE-a5. % IONISED IN 3.630 M, SOLUTION. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 

9. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED 

TO' 315 ML OF 0.570 H Propionic acid TO PREPARE A BUFFER 
WITH A pH OF 6.175 ? ASSUME THAT NO VOLUME. CHANGE OCCURS 
WHEN THE SODIUM SALT IS ADD3D TO THE SOLUTION. 
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05 . 

10. A SOLUTION PREPARED FRCM 0.545 MOLE OF A WEAK ACID, HX, y 
DILUTED TO 351 ML HAS A pH OF 2.784 . WHAT IS THE pH 
OF THE SOLUTION AFTER^ 0.928 MCLE OF SOLID NaX IS DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 
WH FN THE NaX IS DISSOLVED IN THE SOLUTION. 
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A SOLUTION PREPARED FROM 0.434 HOLE OP A WEAK ACID, HX, 

DILUTED TO U2 1 ML HAS A pH OF 6.270 • WHAT IS THE pH 

OF THE SOLUTION AFTER 0.038 MOLE OF SOLID NaX IS DISSOLVED IN IT* 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

HOW MANY HOLFS OF THE SODIUM SALT SHOULD BE ADDED 

TO 168 ML OF 0.177 M Propionic acid TO PREPARE A BUFFER 

WITH A pH OF 5.005 ? ^ASSUME THAT NO VOLUME CHANGE OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 

THE IONIZATION CONSTANT OF Propionic *cid IS 1.40E-05 

WHAT I.S THE pH OF 1.C80 M Formic acid WHOSE IONIZATION CONSTANT IS 
2.100F-04? ^ . 

. 

A BUFFER SOLUTION IS MADE UP BY ADDING 0.252 MOLES OF THE SODI-UM SALT 
TO 1 .032 LITERS OF A 0.286 M SOLUTION OF HCN WHOSE IONIZATION 
CONSTANT IS 4.C00E-10.. WHAT IS THE pH OF THIS SOLUTION? 

WHAT IS THE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BY 
ADDING 49 ML OF 2.4C0 M OF THE SODIUM SALT TO 203 ML OF 3.630 M HCL. ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 252 ML. 
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05 

4 

V * ' 

HCN IS 3.12E-C5 % IONIZED IN 2.430 M SOLUTION. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 

HOW MANY MOLES OF NaHSO, MUST BE USED TO PREPARE , 
2.04 L OF SOLUTION THAT HAS A pH OF 3.220 ? 
THE IONIZATION CONSTANT OF NaHS0 3 IS 5.60E-08 . 

A SOLUTION PREPARED FROM 0,410 MOLE OF A. WEAK ACID, - 

HX, AND 0.448 MOLE OF N,aX DILUTED TO 220 ML 

HAS A pH OF ,4.944. WHAT IS THE IONIZATION CONSTANT OF HX ? 

IF A WEAK ACID, HX, IS 5.881 X IONIZED IN 1.915 M SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 6.581 % IONIZED? 

/ 

A 6.166 M SOLUTION OF A WEAK ACID, HX , HAS A pH OF 6.100 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 
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A BUFFER SOLUTION I^HADE OP BY ADDING 0.922 HOLES OF THE SODIUM SA1 
TO 0.242 LITERS Or A 0.201 H SOLUTION OF H Ac WHOSE IONIZATION 
CONSTANT IS 1.800E-05. VHAT IS THE pH OF THIS SOLUTION? 

A SOLUTION PREPARED FROH 0.707 HOLE OF A WEAK ACID^ 

HX, AND 0.0 18 HOLE OF NaX DILUTED TO 196 HL 

HAS A pH OF 5.345. WHAT IS THE IONIZATION CONSTANT OF HX ? 

IP A WEAK ACID, HX, IS 5.681 % IONIZED IN 3.395 H SOLUTION, 
AT WHAT CONCENTRATION IS THE ACID 36. 481 % IONIZED? 

HOW MANY HOLES OF HNO, MUST BE USED TO PREPARE 
0.58 L OF SOLUTION THAT HAS A pH OP 5.215 ? 
THE IONIZATION CONSTANT OP HNO, IS 4.50E-04 . 

HOW HANY HOLES OP THE SODIUM SALT SHOULD BE ADDED 

TO 398 ML OF 0.703 M HNO, TO PREPARE A BUFPER 

WITH h pH OP 6.585 ? ASSUHE THAT NO VOLUME CHANGE OCCURS 

WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 

THE IONIZATION CONSTANT OP HNO, IS 4.50E-04 . ' 

A 2.25U M SOLUTION OF A WEAK ACID, HX, HAS A pH OP 4.500 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? I 

* * 

CALCULATE THE pH OF 0.224 M NH3 WHOSE IONIZATION CONSTANT 
IS 1.8E-5. 

i 

A SOLUTION PREPARED FROM 0.794 MOLE OP A WEAK ACID, HX, 

DILUTED TO 296 ML HAS A pH OP 3.505 . WHAT IS THE pH 

OF THE SOLUTION AFTER 0.708 MOLE OP SOLID NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 

WHEN ""THE NaX IS DISSOLVED IN THE SOLUTION. 

XHAT IS THE CONCENTRATION OF HP IN A SOLUTION PREPARED Bih' 
ADDING 3 ML OF 2.035 M OF THE SODIUM SALT TO 193 ML OF 2.260 M HCL 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 196 ML. 
THE IONIZATION CONSTANT OF HP IS 7.00E-04 

Pontic acid IS 3.O2E-02 % IONIZED IN^ 4.374 M SOLUTION. 
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? 
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teAM^A euipmyo unit on equilibria in aci debase systems 
or %e chemical equilibrium modOle 



education^ l*$b |ECfivfigR 

The 

apply eq _ 

and bases. •The'f^tuden^^lj.puld be able to discover the relationships 
between initial ^rior^e'ntraf $on of weak 'acid or by»se , the magnitude of 
equilibrium- cot^^\%^fQr ionization, the pH and the percentage disso- 



pri^^y\educatiiional objective ia^L enable the student to 
uilib^jDwm concepts to ^chenfycal systems involving weak acids 



ciation. These 




riuWi '^concepts wiM be used "fc o ^.underst and two 
plvin£ weak acids and bases > hydrolysis of salts 

unit is to treat weak acid-base 



additional system^ 

• • /»/ 

and buffer soluti&i 
The approach t< 

reactions cis further 1 , £x$mple$ _ pfj equilibrium systems. To emphasize 

this § point, subscriptgtfjhave bee^vLomitted from equilibrium constants. 

< JEtr ^ V C 

Table 1 of the st uden1^TiM|£ the types of equilibrium 

constants dnvolved in ^Xfis^nXt^^iS^^e student uses AQID program < 

to examine several £ we,a^|5^^-basqrsy stems . observing the effect of 

magnitude of equilibri^^^nstant'^nd initial reactant concentration 

on the values of pH . apcf" -p^^cen"1}jage x . dissociation. The validity of a. 

simplifying approximation is d^teie»4jbfed by Comparing answers obtained 

from exact' .quadratic equations with those obtained by the approximation 



K = 



X' 



wfrere 



K = equilibrium constant , 

. C = initial weak acid (or base) concentration- 

+ + 

X = equilibrium^ HsO (or SH ) concentration 
An optional extentioh of this simple approximation is the use of a 
program which emj^l^p^ the method of successive approximations. Art 
example of such an iterative program is found in reference [1] on 
page 176. * , 

Polyprotic acid-base equilibria are not discussed in this unit. 
Many programs and problems involving student generated pr6grams. exist. 
Reference [2] page % 7 6 contains examples of such programs and problems. 

Hydrolysis of salts is presented as an example of another aqueous 
equilibrium system. The equilibrium constant for'/'this reaction is 
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derived from K and appropriate dissociation constants for the weak 
acid or base involved* 

Finally, buffer action is examined using the ' BUFFER' program tc^ 
compare the behavior of buffered ^nd unbuffered solutions towards 
the addition of strong acids or bases. These buffer and/or hydrolysis 
sections might, well be made optional if time is a critical factor. 

No attempt has been made to deal with the general features of 
titration curves of weak acids with a strong base or weak bases with 

strong acids. A -Tjumb^r of interesting ' BASIC programs for these 

* *" « 

titrations exist in re£erenc r es CU page 196 and [23 page 185. A 

logical extension to this module would be the use of such programs 
to simulate titration curves. 



IMPLEMENTATION 

It is desirable that the student be familiar ^with the concepts 
of unit 3 ("Equilibrium Calculations") of this module before attempting 

f i 

this unit. It may also be necessary for the student to read the unit 
on M pH y Strong Acids and Bases" or its equivalent chapter in a textbook. 



ANSWERS TO PROBLEMS . ' 

1. Since the value of K* is small x would be expected to be sifiall 

2. [H 3 0*J decrease 
* pH' v_y increase 

% dissociation increase 



'3. See computer printout from ACID 



4. See computer printout from ACID 

5. Should give same trends as HF 
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6. See computer printout frqjn- ACID 



+ ^ 

H 2 0 t HN0 2 HsO + N0 2 , 


initial # moles 
frotn data 


0.1 mol^s 




0* 


changes in mples 
at equilibrium 


( 0 . 1-x) moles 


X moles 


X .moles 


tquilibritim - 
concentration 


0 . 1 moles /I 


X moles /l 


X mpil.es /l 

■•;V 



K 



X v X * 
0.1 - X 



= 4.6 x 10 



X 2 + (4.6 x lO^X - (4*6 x* 1(T\) = 0 



- 5 



[H 3 (f] 
pH 

% dissociation 



decrease fe in both cases 
* increases 
increases 



8. HF has larger value of [H 3 0 J 
HN0 2" has larger pH value 
HF is more highly dissociated 

HF is stronger vac id - more H30 + from the same initial acid 
concentration than HNO2 



9, yea 

10.1 'See computer printout from ACID 
11. 2.00 



12. ■ 5.96 x 10 
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13. 1.07 x l(T 2 moles/liter 



'14. 2.11 x 10 



— H 



15. 1.80 x 10 

16. 3.8% 



- 5 



17. 



H 2 0 + 



NH 



nhJ 



X ... X 
fl75" * "OTB" 



X 2 



OH" 



initial number of 
moles from data 


0 . 1 mole 


0 


0 


change in moles 


-X 




+ X 


moles at 
equilibrium 


(0.1-X) moles 


X moles 


X moles 

♦ 

J...1 - : ■ — ~ 


equilibrium . 
concentration 


(0.1-X) moles 


X moles 


X moles 


m 0.5 1 


0.5 t 


0.5 1 



K ,== o-i - x " 0.1-X^ 
S7S 



= 1.8 x 10 



- 5 



quadratic expression 



X 2 + (9.0 *'10~ 7 )X ■+ (9.0 x 10"°) = 0 



- 6 



1Q. I OH"] 
pH 
pOH 

% dissociation 



decreases 
decreases 
increases 
increases 



/ 
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For **iethyl amine, CH 3 ^NH 2 and NH 3 

[0H"3 ' ' NH 3 > CH 3 -NH 2 

pH - . CH3-NH2 > NH 3 

. pOH « NH g > CH 3 -NH 2 

% dissociation NH 3 > CH 3 -NH 2 

The larger the- value of K the stronger the acid or base 

CH 3 -NH 2 < H-0-NH 2 < NH 3 < C 6 H S -Nfc 2 



B + H 2 0 



BH + OH 



K * 



CBH + j[0H"3 



let x = [0H~] = [BH + 3 



v _ x ; x _ _ _ »x 



initial 1 
x * " KlB initial J 



initial 
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22. 



11.7 



5 



23. 1.8 x 10' 



2«». 2.0 x 10 



- 6 



25. 0.12 mole/1 



26. (A) pH = 7 



(B) pH > 7 



(C) pH < 7 



2 7. a . ' pH ~ 7 
c. pH = 7 



b. pH > 7 cannot say exactly 
d . pH < 7 e . pH > 7 



28. K 



K 



[HF][OH~3 [HF] 



in 



CH 9 o Koh"3 _ 



Kj • K 



K = 
w 



[F"1L"H 3 0 ] 
LHFKOH'l , 



w 



9q v [HFlCOH^ 3 
zy. Y\ 1 - j- pj 1 — 



K 



- CF'3 
2 " LHFJLCH-J 



K 



F + H 3 0 



30. HF + H 2 0 ^zf 

F" + H 2 0 ^— ■» HF + OH' 



K 



6.7 x 10 



v _ 1 x 10 

l\ - rr"| — 



- 1 k 



1 . X 10 



- 1 •» 



•6.7 x 10 



"\.5 x 



10 



- 1 1 



31. a. NH t» + H 2 0 



Mi + H 3 0" 



' CNHt] " K>° 



where 
K, = 



K 



w 



LNH 3 J 

[H 9 0 + JEOH"] .,= 1. 0 x 10' 
- 1 1» . 



1 •» 



K 



1.0 x 10 
1.8 x 10 



- 3 



- =. 5 . 5 x 10 



- 1 0 
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b. let x = number moles NH§ formed 

H 2 6 *• 



NH : 



initial no. molesr 


0., 2 mole^ 


- 0 


0 


change in moles 


moles. 


+ x mplea 


+x moles 

-1- ' - ■ 


no. moles at 
equilibrium 


(0.2-x) moles 


x moles 


x moles 


equil ibrium 
concentration 


(X. 2-x moles 
I 1 


moles 

X J . 


moles 



K = 5.6 x 10 



- 1.0 



X 



x 
ITT 



d 



: 2 = 1.12 x 10 



- l o 



x = 1.06 x 10~ 5 $ moles NH 3 = moles OH' 



5 



[0H"1 = *\}° =1.06 x 10 5 mole/1 = [NH 9 ] 

1.0 liter 



[H,0 + ] 1 -° X 10 



- 1 <4 



1.06 x 10 



- 5 



9.M x 10 



1 o 



mole /l 



pH = -log(9.M x 10" 10 ) = (-0.97 - 10) 
pH = 9.0 3 

pH > 7 solution is basic thus confirming our prediction. 



2.1 x 10 



- 14 



X • X 



X' 



0.1 



" 0.1 - X 

t 

X 2 = 2.1 x 10" 5 = 21. x 10" 6 
X = 4.6 x 10" 3 ' 

pH = -(0.66 - 3) = 2. 34 * f 

Addition of HCOO" to the system \ 

HCOOH + H 2 0 T— ~ HCOO" + H 3 0* 
will cause concentrations of reactant HCOOH to increase and mJ 
concentration product H 3 0 + to decrease.. Thus the pH of the 
solution will increase . 

* \ 

v let X = moles of H 3 0 in solution after addition of acid. When 
0.01 mole. H 9 0 + - i's added to the buffer solution it will react with 
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0.01 mole HCOCT to form 0.01 additional' mole of HCOOH. .Thus 

V 

the scorecard would appear as follows: 

+ 



H 2 0 + 



HCOOH 



H s 0 



HCOO 



initial moles 


0,10 moles 


0.01 moles 


0.20 molet} 


change in moles 


+ 0 . 01 moles 


-0.01 moles 


-0 * 01 moles 


no. moles at 
equilibrium 


0 . 11 moles 


X 


0.19 moles 


equilibrium 
concentrations 


0.11 mo £ es 


X 


8.19 mo ^ es 



K = 2.1 x 10 

X = 2.1 x 10' 

X = 1. 2 x 10 
pH = 3.91 



— m _ (X)(0.19) 

= — o.ii v 



-u f0.11 > 

ITT9" 



- 4 



35. let X = moles of H3O in solution after addition of base. When 
0.01 mole 0H~ is added to the buffer solution it will react with 
0.01 moles of HCOOH to form an additional 0.01 mole of HCOO". 
Thus the scorecard: 1 



H 2 0 ■+ 



HCOOH 



H 3 0 



HCOO 



initial moles 


0.10 moles 


2.1 x 10"^ 


0.20 moles 


change "in moles 


-0 . 01 moles 

■ 




+0.01 moles 


no*- moles at 
equilibrium 


0.0 9 moles 


X 


0.21 moles 


equilibrium 
Concentrations 


0.09 


X 

1 


n 01 moles 
— 1." 



o 
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k = ? i x in" 14 - (x )^°: 21 > 



X = 9.0 x 10 
* pH = 



- 5 
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36. (a) acid: H s 0 + + CHjCOO* H 2 0 + CHjCOOH 



base: OH" + CHjCOOH > CHjCOCT + H 2 0 

acid: H 3 0 + + NH 3 — NHt + H 2 0 
base: OH" + NHu — NH, + H 2 0 



37. (A) K. of weak acid 

(B) concentration of weak: acid 

(C) concentration of weak base , 

38. iJ.MU 

39. 2.82 

1 

HO. 9.56 

m. 0.90 mole /l 

M2 - K ThXT" - LH J 

taking negative logarithm of both sides 
-log K = -logCfi*] 

pK = pH • 



if 3. 

/ 



(A) (i) 


decrease 


IA~J 




(ii) 


increase 


slightly 


ii 


(iii) 


decrease 


slightly 




(iv) 


decrease 


markedly 




(B) (i) 


increase 


[A~J 




, (ii) 


decreas'e 


slightly 




(iii) 


increase 


slightly 


i. 


(iv) 


increase 


markedly 




(C) when 


1 

moles of 


added H 3 0 + : 


- moles of salt in 



buffer capacity exceeded 
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ANSWERS TO PROBLEM SETS 



TEST 1 

4- 



1. 3.60E-01 



TEST 



1. 2.6UE*02 



TEST 



'U .1.181*01 



TEST 



1. 4«58E*00 



2. 2.22E-03 

3. 5.60E-08 
4.87E-12 

5. 2.15E-06 

6. ; «f.62E*Q0 

7. 1.50E*01 
fl. 1.51E+00 



2. 4.98E*00 



9. 1.34K + 01 



2. 1.07E+00 

3. 1.63E+00 

4. 1.72E-01 fl 

5. 1. 31E-05 . 

6. , 4. 80 E- 11 r. 
' 7. 4.30E-13 



*8. 4.99B*00 



9. 4.52E*00 



3.. 5.83E-01 



U. 6.73B-05 



5. 1.28E-12 

6. 2.28E-05 

7. 8,'42B-09 

8. 2.768*00 

9. 1.17E + 01 



2. 2.66E-07 



3. 4.23E-04 



4. 



57E-04 
1.78E-01 



6. 1.08E-02 



7. 1.35E-14 
« 

'8. 4.56E+00 



t 9. t.03E*0/l 



10. 4.38E-01 10. 2.70E*02 10. 2.38E-03 



I0*. 3. 



84E-01 



50 



10 



TEST 



TEST 



TEST 



TEST 



8 



1. 3.82E*00 



1. 1.35R-01 



2. 3.96E-03 



3. 6.17E*00 

U. 1.18B*01 

5. 1.80E-05 

6. • 8.71E-08 



7. 8.87E-01 

8* 1.01E-05 

9. U.73E+00 

10. 3.88E+00 



2. 1.13E*01 



3. 1.72E-01 



H. 5.42E-02 



5. 8. 75E- 13 



6. 5.97E-01 H 



7. 1.34E-02 



8. 1.58E+00 



9. 2.27E-08 



1. 5. 58 E- 07 

2. 5.92E-02 



1. 1,;22E«-00 



3. }.92E-05 2 * 1-32K-03 



1.65E+00 M 



5. , 1. 17E+01 



6. 9.50.E-15 



7. 4.36B+00 



8. 4.26B-02 



9. 3.06E*00 



3. 1.08E-03. 

4. 1 3.84E-10 

5. 1. 168*01 

6. 1.48E*01 N 

7. 4.22E-04 

8. 1.09E+01 

9. <*.9UE-06 



10. U.79E-04 10. 1.00E+00 ' 10 « 9.U2E+00 
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TEST 9 
1, v 3. 50 E- 01 H 



TEST 



10 



2; 4. 39 E- 01 



3. 1.28E+01 

4. 5.32E-06 

5. 3.26E+00 

6. 1.17E*01 
7-. 2. 35 E- 07 

8. 8. 36 E- 01 



1, 6. 79E-01 



2. 2.62E-11 



3. 2.51E-06 



4. 9.48E+00 



5. 

> 

6. 



6. 02E-05 
1. 17E*01 



7. 5.32E+00 



TEST 11 

1.3. 75E*00 

2. ' 1. k 17E«-01 

3. 8. 24 E- 08 



TEST 12 



4. 9.92E*00 



„ 5. 1.91E-02 



6. 2.42E*0O H 



8. 5.68E-01 



7. 4.52E-01 



8. 4.74E-08 



1. 1. 16E*01 



2. 5.72E-07 



3. "4.50E-04 



4. 3.$6E*00 



5., 8. 76 R- 04 



6. 1.23E-10 



7. 1.48E-03 



8. 3.54B-02 H 



9. 4.00E-03 
10. 3.14E-04 



9. 8.57E*00 



9. 2.64E+02 



9. * 1. 12E*00 



10. 5»60E-0*8 . 10 , 1.80E-08 10. , 1.16E*01 



4r 



12 



TEST , 13 



1. 3.90E-02 

2. 2.37E*00 

3. 1.15E-03 
U. 1.56E-06 

5. 1.1UE+01 

6. I.UHB^OI 



J* 



7. 7.36E-01 



8.. 1.64E-05 



9. 9.93E*O0 



TEST 1<» 



1/ 1. 51E-04 



2. / 7y06E-05 



3. 1.07E*01 
i». 1. 15E- 12 

5. 1.17E+01 

r 

6. 1.65E-01 H 



7. 1.97E-0U 



8. 3.14E-03 



TEST 15 



1. 4.83B*§& 



2. 3.91E-05 



A ) 



9. 1.09E«-01 



/ 



3. t*.66Er02 



U. , 2, 50 E* 00 

5. 2.77E-02;h 

6. 6.32E-02 * 

7. 3.86E-05 



8. 



9. 



U43E-06 



3. ,30 E*O0 



TEST 16 



1. 1.19E*01 



2. 2.29E*00 



3. 6.81E*01 



U. *. 6. 16E+00 



5. 4.92E-02 

6. 1.39E-02 



10. 2. 888*01 10 ; 1.66B-05 10. 1.11E+01 



7. 1.35E+01 



8: U.?9E>00 



9. 1.64E-04 



10. $.9«»B-09 



TEST 



17 



TfeST ' 19 



TEST 



19 



TEST 



20 



1. «*. 818*00 

2* 6. 87 8-04 
'6 3. 3.17K+00 



t 



4. 



5. 



1. 19E*01 

2. 05E»00 



6. 2.83E*ft0 



7. 1.718*01 



8. 3.238-02 



9. 9.5,68-08 



1. 2.558-01 



2. ' 1. 858-06 

3. 3.518-14 

4. 3. 20E r 07 

5. 4.878*00 

6. 9. 898-01 H 



7. v 9. 29E*00 



- 8.. 4.0QE-10 



9. 3„76E*00 „ 



1. ?, 15E*01 



2. 4.21E-02 



' 3. ,1. 838*00 



4. 9.33E*00 



5. 4.67E-01 



6. 4.00E-10 



7.- 1.33 8*0 1 



8. 1.24E-05 



1., 6.02E*00 

'2. 1* 148-07 

3. 5.54E-02 M 

4/ **8l#r ( 08 . 



5. 4.84E*02' 
6i 4.44E-10 
7.' 1.138*01 



8. 7.39B*00 



9. 1.528*00 M 9 « 3.11E-02 



10. 4.218-01 10'.. 5.998*00 l0#v K 028-13 10. ;2. 108-04 



SOFTWARE 

... V 
Program Descri.pt ions • « 

AC*TD 

. This is" an interactive program which deals with the systems 

HA + H2O ^ H 3 0 + + A" 

' • B + H 2 0 ^± BH* + OH" 

where HA is a weak acid and B is a weak base. \ 

The student chooses the system, acid or, basey and enters; the<^ 
appropriate equilibrium constant , initial number of -moles of ^cid or 
bas$ , and the volume . of the solution . r The program calculates initial 
and .equilibrium concentrations of reactant and product species, the 
pH of . the equilibrium solution and the percentage dissociation, of 
original acid or base* These calculations employ the quadratic 
formula to obtain exact solutions. After the student obtains answers 
f^om his initial input data he may'(l) enter another initial con- 
centration (2) ( charirge to a different acid (or base) reaction or 
\(3) terminate the program. These choices are available to him 
after each set of calculations. 

BUFFER 

This is an interactive simulation program to allow the student 

»* . » ■ 

to make up given volume of weak acid/salt buffer solution. The 
behavior of this solution is compared with an equal volume of a pure 
*water solution upon the addi^i&n of small amount jof strong acid or , 
base. The student may adjust the initial' pH of the puffer by adding 
weak acid or salt. He then choo&es whether to add strong acicl or 
strong base. Next he adds the reagent he has chosen dropwise to both 
solutions &nd observes the/results. He may add as many increments 
of reagent as he desires. It is recommended that initially the 
student add increments of 1 or 2 drops in order to k Jbest maximize pH 
difference in buffered and water solutions ..^Sf the buffer capacity 
whould be exceeded, the program prints "BUFFER. CAPACITY EXCEEDED" 
and terminates. - 
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REFERENCES 



• • Computer programming references for an instructor or his 
motivated students interested in writing their own programs to 
accompany , these units are given below: 

[1] "BASIC and Chemistry.", L. Soltzberg, A. A. Shah, J. C. Saber, 



and E . T. Canty (Houghton Mifflin, Boston ,* 1975 ) . 



[2] "Jntroduct ion to Computer Programming for Chemists - BASIC 

Version", C.L. Wilkins , C. -E. Klopfenstein, T. L. Isenhbur, 
P. C. Jurs (Allyn .and Bacon, Boston, 1974). 



\ 



> 



5s 



9 

ERIC 



St 



.Sample run of ACip 



ENTER THE TYPE OF EQUILIBRIUM YOU WISH TO STUDY. 
ACID' FOR WEAK RCID OR '' BASE ' FOR WEAK BASE. 7BASE 

ENTER THE FORMULA OF YOUR BRSE. 
?NH3 

A 

ENTER THe VRLUE OF THE EQUILIBRIUM CONSTRNT? 1 . 3E- 05 

ENTER THE « OF MOLES OF NH3 ORIG INRLLY IN THE SOLUTION 
•>0. 1 

NTER THE VOLUME OF THE SOLUTION IN L I TERS? 1 

i ... 

INITIRL CONC BRSE = .1 MOLES, LITER ' 

EQUIL CONC BRSE * 9.86673E-02 MOLES'L I TER ^ 
OH- CONC = 1.33267E-03 MOLES-LITER 

BH+ CONC = 1.33267E-03 MOLES-LITER- 

PH = 11.1847 , \ DISSOCIATION = 1.33567 

MOULD YOU LIKE TO CHOOSE ANOTHER CONC OF NH3? 
ANSWER YES OR NO 7 YES 

ENTER THE ti OF MOLES OF NH3 ORIGINALLY IN THE SOLUTION 

?1 

ENTER THE VOLUME OF THE SOLUTION IN LI TERS? 100 

INITIAL CONC BASE * .01 MOLES LITER 

EQUIL CONC BASE = 9.58464E-03 MOLES L I TER 

OH- CONC - 4.15360E-04 MOLES- LITER 

BH+ CONC = 4.15360E-04 MOLES-LITER 

PH = 10.6134 *: DISSOCIATION = 4.15359 

MOULD YOU LIKE TO CHOOSE ANOTHER CONC OF NH3? 
ANSWER YES OR N07YES 

ENTER THE « OF .MOLES OF NH3 ORIGINALLY IN THE SOLUTION 

: • -» 

NTER THE VOLUME OF THE SOLUTION IN LI TERS? 10. 

INITIAL CONC BASE = .05 MOLES- LITER 

EQUIL CONC BASE = 4.90603E-02 MOLES 'LITER 
OH- CONC = 9.39726E-04 MOLES'L I TER 

BR+ , CONC £ 9. 39726E-04 MOLES -'L I TER 

PH = 10.973 \ DISSOCIATION = 1.37945 

■*» 

WOULD YOU LIKE TO CHOOSE ANOTHER CONC OF NH3? 
ANSWER YES OR NO^NO 

NH3 K = 000013 

INITIAL EQUILIBRIUM 

CHAi , CHA] CH30>3 CA-] PH 

.1000 .0987 .0013 .0013 11.1247 

.0100 .0 096 .0004 .0004 10.6184 

.0500 .0491 .0009 .0009 10.9730 




would you like to try ft different rcid or base? yes or no ?yes 
actd' for weak acid or 'base' for weak - base. ?rc i d 

Inter the formula of your acid. 

?HF ,. ' 

ENTER THE VRLUE OF THE EQUILIBRIUM C0NSTRNT?6. 7E-04 

» Li 

ENTER THE « OF MOLES OF HF ORIGINALLY IN THE SOLUTION 

?.3 

NTER THE VOLUME OF THE SOLUTION IN LITERS?? 

INITIRL CONC RCID » .06 MOLES 'LITER 

EQUIL CONC RCID * 5.39838E-02 MOLES/LITER 

H30+ CONC * 6.01419E-03 MOLES 'LI TER 

A- CONC = 6.01419E-03 MOLES LITER 

PH * 2.22083 •■: .DISSOCIATION * 10.0837 

WOULD YOU LIKE TO CHOOSE RNOTHER CONC OF HF? 
RNSWER YES OR N07YES 1 * 

NTER THE « OF MOLES OF HF ORIGINRLLY IN THE SOLUTION 

?.03 / 

NTER THE VOLUME OF THE SOLUTION IN LITERS?? 

INITIRL CONC RCID * v. 015 MOLES^LI TER . *• 

EQUIL CONC RCITJ * 1.21472E-02 . MOLES/LITER 
H30+ CONC = 2. 85282E-03 « MOLES/L I TER 

R~ CONC = 2.85282E-03 MOLES^LITER 

PH = 2.54473, \ DISSOCIATION * 19.0183 

WOULD YOU LIKE TO CHOOSE RNOTHER CONC OF HF? 
RNSWER YES OR NO?NO 

i 

"HF K = .0 0067 >' 

INITIRL EQUILIBRIUM 

CHRD CHR] CH30+] CR-] PH DISSOCIRTION 

.0600 .0540 .0060 . 0060 £.2208 10.0237 

.01.50 , .0121 .0029 .0029 2.5447 19.0188 

WOULD YOU LIKE TO TRY R DIFFERENT RCID OR BRSE? YES OR NO ?YES 
RCID FOR WEAK ACID OR "BASE' FOR WERK BASE. ?RCID 

ENTER THE FORMULA OF YOUR ACID. 

?HCN , 

ENTER THE VALUE OF THE EQUILIBRIUM C0NSTANT?8E- 07 • f 

ENTER THE a OF MOLES OF HCN ORIGINRLLY IN THE SOLUTION 

7.001 . " 

ENTER THE VOLUME TJF THE SOLUTlbN IN LITERS?! 0 
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INITIRL CONC RCID - .0001 MOLES LITER 

EQUIL CDNC RCID » 9.14468E-05 MOLES-'L I TER 

H30+ CDNC * 3.55321E-06 MOLES LITER 

ft- COMC » 3. 55321 E-06 MOLES/LITER 

PH » 5.06788 \ D.I SSOC IRT ION * 3.55321 

MOULD YOU LIKE TO CHOOSE RNOTHER CONC OF HCN? 
RNSWER YES OR NO? YES 

ENTER THE :>* OF MOLES OF HCN OF I G INRLLY IN THE SOLUTION 
^.OOOl 

NTER THF VOLUME OF THE SOLUTION IN LITERS? 10 

» r 

INITIRL CONC RCID - . 00001 MOLES - L I TER 

EGJUIL CONC RCID - 7.54343E-06 MOLES 'L I TER 

H30+ CONC . * = 2.45657E-06 MOLES-LITER 

ft- CONC = 2. 45657E-06 MOLES- L I TER 

PH = 5.6 0968 \ I) I SSOC IRT I ON = 24.5657 

MOULD YOU LIKE TO CHOOSE RNOTHER CONC OF HCN? 
RNSWER YES OR NO^NO 



HCN 



H = 3.000 0 0E-07 



INITIRL 
CHR] 
. 0001 
. 0 00 0 



CHR] 
. 0001 
. 0 00 0 



EQUILIBRIUM 

CH30+] [R-3 

.0000 .0000 

. 0 00 0 . oooo 



PH 
5. 0679 
5. 6 097 



D I SSOC IRT I ON 
8. 5532 
24.5657 



MOULD YOU' LIKE TO TRY R DIFFERENT RCID OR BRSE? YES OR NO ?NO 



5,9 
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Samplfe run of BUFFER 



EN TEH F0RMULA . 0F THE WEAK ACID BUFFER#C0MP0N EN T 
7CH3C00H 

ENTER F0RMULA 0F THE SALT BUFFER C0MP0NENT 

?CH3C00NA ^ 

ENTER THE EQUILIBRIUM C0(*STANT F0R WEAK ACID 
1 7 l.HE-05 v 

ENTER THE C0NCENTRATI0N 0FWEAK ACID <M0LfeS/L I TER > 
? • 1 - 

C0NC ENTRAT 10 N 0F SALT <M0L"ES/LITER> ? 
? . 1 5 

the ph 0f the buffer 1$ 4.92083 

00 y0u wish t0 adjust the ph 0f the buffer 7 
Answer yes 0r ng 

? YES 

ENTER THE C0NCENTRATI0N 0F WEAK ACID < M0LES/L I TER) 
? . 13 

& 

C0NCENTRATI0N 0F SALT (M0LES/LITER) ? 
7.15 

THE PH 0F THE BUFFER IS 4,80689 

.00 Y0U WISH T0 ADJUST THE PH 0F THE BUFFER ? 

ANSWER YES 0*R N0 • „ * 
?N0 

ENTER T0TAL U0LUME 0F BUFFER IN MILLITERS 
7 850 ^ - . , * \ 

ADDING STR0NQ ACID 0« STR0NG BASE T0 BUFFER 7 

ANSWER ACID 0R BASE 
7 BASE , ■ * 

ENTER C0NC ENTRAT I0N 0F" STR0N6 BASE (M0LES/LITER) 

? -i ; 

WE WILL N0W ADD THE SAME # 0F DR0PS 0F STR0N6 BASE T0 
250 ML 0F BUFFER S0LUTI0N AND 250 ML PURE WATER 
EACH DR0P IS CONSIDERED T0 HAVE A V0LUME 0F 0.05 ML 

DR0PS 0F BASE 

T0TAL ML STR0NG BASE ADDED .05 
PH 0F WATER 9,30096 
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PH 0F BUFFER 4.80701 
FINISHED ? 
?N0 

DR0PS 0F BASE 

T0TAL ML STR0NQ BASE ADDED I 
PH 0 F WATER 9.60191 
( PH 0 F BUFFER 4.807 1 4 

FINISHED ? » 
?N0 

DR0PS 0F BASE 
? 5 

T0TAL ML STR0NG BASE ADDED .35 
PR 0 F WATER 10. 1435 
PH 0 F BUFFER 4.80776 
FINISHED ? 
?N0 

DR0PS 0F BASE 

? 20 

T0TAL ML STR0NO BASE ADDED 1.35 
PH 0F WATER 10. 7301 
PH 0F BUFFER 4.81086 
FINISHED ? 
?N0 

DR0PS 0F BASE 
? 100 

T0TAL ML STR0NG BASE ADDED 6.35 
PH 0F WATER 1.1 . 394 
PH 0 F BUFFER 4.82275 
FINISHED ? 
?N0, 

DR0PS 0F BASE 
? 1 00 

T0TAL ML STR0NG BASE ADDED 11.35 
PH 0F WATER 1 1 . 6378 
PH 0F BUFFER 4.83527 
% FINISHED ? 
?N0 

DR0PS 0F BASE 
? 560 

T0TAL ML STR0NG BASE ADDED 36.35 

PH 0F WATER 12. 1036 

PH 0 F BUFFER 4.89858 
• FINISHED ? 
?N0 

DH0PS -0F BASE 
?1000 

T0TAL ML STR0NG BASE ADDED 86.35, 
PH 0F WATER 12.4095 / 
PH 0F BUFFER 5.03101 
FINISHED ? 
?N0 



, DR0PS 0F BASE 
?4000 

T0TAL 

PH 0F 

PH 0F 

FINISHED 
?N0 

DR0PS 0F BASE 
? 4000 
BUFFER CAPACITY 



ML STR0NG BASE ADDED 
WATER 12.7275 
BUFFER 5.97802 
? 



EXCEEDED ! 



286. 35 



BUFFER SYSTEM CH3C00H/CH3C00NA 
0RI6INAL BUFFER PH » r 4.80689 



DR0PS 
1 

2 
7 

27 

127 

227 

727 

1727 

5727 



0F BASE 



PH WATER 
9.30096 
9.60191 
10. 1455 
10. 7301 
1 1.394 
1 1 . 6378 
12. 1036 
12.4095 
12. 7275 



PH 



BUFFER 

4. 80701 

4.80714 

4.80776 

4.81026 

4.82275 

4. 83527 

4.89858 

5.03101 

5.97802- 



ACID Program 



100 REM ♦ P R 0 6 R ft M ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦< 

110 REM STRING VRRIRBLESi LINES 160, 240> 300* 3l0> 370, 570, 
120 REM 580, *590» 600, 730, 810, 820, 830* 930, 990, 1110. 
130 REM PRINT US1N6/IMR£E PRJR RT LINES 1040,1050 
140 REN ♦ 
15-0 REM 

160 din ft*m »fs ceoi » Yf cii 

170 DIN COC1 03»Q1 C 1 03 , I0C103 >P4 tl 0§> D CI 03 

180 PRINT " CBRCID RCID-BRSE EQUILIBRIUN DEMONSTRRT ION " ? 
190 'PR INT "PROGRRM" 

800 PRINT ) 

210 PRINT "ENTER THE TYPE C1F EQUILIBRIUM YOU WISH TD STUDY. " 
220 PRINT " RCID'V FOP WERK RClD OR BRSE FOR WERK BASE."? 
230 INPUT RS 

240 IF RS="RCID" OR RS='BRSE" THEN 300 

25 0 PRINT "PLERSE ENTER ' RC I B OR BRSE' ' > 

260 GO TCI 2 30 / 

270 REM 

280 PEMS<>5^ INPUT OF PRRRMETERS. 

890 REM 

300 PRINT LIN<2> ? "ENTER THE FORMULR OF YOUR " ? R J [15 415"." 
310 INPUT FS V "-x . 

320 PRINT LIN < i > ? "ENTER THE VRLUE OF THE EQUILIBRIUM CONSTRNT " 5 
330 INPUT K - , r , 

340 PRINT 

350 LET 1*0 « . ' . "' 

360 LET 1*1+1 

370 PRINT "ENTER THE « DF MOLES OF "5F$5" DRIGINRLLY IN "; 
380 PRINT "THE SOLUTIDN" 
390 INPUT N 

400 PRINT "ENTER THE VOLUME OF THE SOLUTION IN LITERS"; 

410 INPUT V 

420 LET COm-M-'V 

430 REM 

440 REMi>> i>> QURDRRT I £ ROOTS DERIVED. 

450 REM FORMERLY SUBROUTINE IN ORIGINRL. 

460 REM \ 

470 FOR Z9*l TO 1 

430 LET R*l 

- \ * 
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490 LET B-K ' « 

300 LET C»-B*C0tn 

310 LET R0»B**2-4*R*C 

580 .IF R0<0 ^HEW 1260 

330 LET Rl-<-B+SQR<R0>>.'<2#R> 

54 0 . LET R2»<-B-SQR<R0>>^ <2*R> 

550 IF'<R1<0 OR CCO [ 13 -Rl > <0> THEN 620 

560 LET R-Rl 

570 IF <R<. 000001 RND R*«"RCID"> THEN 1160 

580 IF <R<* 000001- RND Rf»"BRSE"> THEN 1180 

590 IF <R>1 RND R$*"RCI D"> THEN 1200 

600 IF <R> 1 RND Rf="FRSE"> THEN 123 0 

610 GOTO 680 ' 

620 LET R«R2 

630 IF R<.OD0001 THEN 370 

64 0. REN / 

650 RENS»XS»CRLCULRTION OF OUTPUT VRLUES. 

660 REN 

670' FDR Z8*l ,TO 1 

680 . C0tI]»M'V 

690 ci cn=com-R 

700 I0CI3«R 

710 P4Cn*<LDG<l'R>>/2. 30258 # 

720 DCI3»<R^C0Cn>#100 

730 IF R$="'RC ID" THEN 80 0 

740 LET P4CI1*14-P4CI] 

750 NEXT Z8 

760 NEXT 29 

770 REM 

780 REM5» •>> I ND I V I DURL DISPLRY. 

790 REM t - 

800 PRINT 

810 PRINT " I N I T I RL CDNC "JRir" * "SCOClil" MOLES/LITER" 
820 PRINT "EQUIL CONC "JR*;" « "IC1CI1I" MOLES^LITER " 
830 IF R$*"BRSE" THEN 870 

840 PRINT "H3Q+ CDNC = ''!I0[I]|" MDLES^LI TER " 

850 PRINT "R- CDNC = "MOCIir* MOLES 'L I TER " 

860 GOTD 890 

87 0 PRINT "OH- CDNC " ? I 0 [ I ] T' MOLES' LI TER" 

880 PRINT "BH+ CDNC = ^MOmi" MOLES/LITER" 

890 PRINT "PH * "JP4CI3?" '< DISSOCIRTION = "ID CI] 

900 IF I « 1 0 THEN 990 • 
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910 PRINT 

920 PRINT "WOULD YOU' LIKE TO CHOOSE fiNOTHER CONC OF "?Ffl" 

930 PRINT "RNSUER YES OR'NO"! 

94 0 INPUT Y$ 

9*50 IF YS*"Y M THEN 36 0 

960 REM ' * 

970 REN«^*>TRBULRR DISPLRY. 

9S'0 REM 

990 PRINT L IN- n ,TRB<5> »FS» " K = " 5 K 

1000 PHI NT LIN • " IN I T IRL EQUILIBRIUM" 

1010 PRINT " CHR] tHR] CH30+3 - CR-3 

1020 PRINT " PH DISSOCIATION" 

1030 FOR TO I 

1040 PRINT USING 1 050? CO C J3 » C 1 Ul t I 0 C Jl * I 0 C J3 » P4 iJl > B I J3 
1050 IMRGE 6 - DDD. DDDD,XXXX> 
1060 NEXT J 

1070 PRINT J 

108 0 PRINT "MOULD YOU LIKE TO TRY R DIFFERENT RCID OR BRSE? 

1090 PRINT " YES OR NO "5 

1100 INPUT Yt 

nio iF" v$=-'Y" then 22-0 , * 

1120 STOP 

1130 REM 

1140 REMS»>;?> ERROR WRRNING MESSRGES. ' » 

1150 REM 

1160 PRINT "MRRNING - - THE H30+ CONC IS LESS THRN 1 . OE-6" 

1 170 GOTO 300 

Mi 80 "PRINT "URRNING - - THE OH- CONC IS LESS THRN 1.0E-6" 

1190 GOTO 3 00 . ' 

1200 PRINT , " WRRN I NG - - THE H30+ ,CONC IS GRERTER THRN 1.0"? 

1210 PRINT " VERY RCIDIC SOLUTION!" 

1220 GdTO 3 00 

1230 PRINT "WRRNING - - THE OH- CONC IS GRERTER THRN 1.0"; 

1240 PRINT " - - VERY BRSIC .SOLUTION!" 

1250 GOTO 300 « . 

1260 PRINT "ROOTS RRE IMR6INRRY. " 

1276 PRINT "THE DRTR GIVEN IS NOT POSSIBLE . TRY RGRIN. " 

1280 GOTO 300 

1290 END 
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BUFFER Proftfram 



10 DIM DC90)#PCftO)#ZCgO) 

20 djn Aiceo) , ssceo) >osc 53 

30 PRINT 

40 PRINT 

50 PRINT " ENTER F0RMULA 0F THE WEAK ACID BUFFER' C0MP0NENT * % 

60 INPUT AS 

70 PRINT 

80 PRINT "- ENTER F0RNULA 0 F, THE SALT BUFFER C0MP0NENT " 

90 INPUT SS ¥ .. 

100 PRINT 

110 PRINT ENTER THE EQUILIBRIUM C0N STAN T F0R WEAK ACID " 

120 INPUT K 

130 PRINT 

140 PRINT ".ENTER THE C0NC ENTRATI0N 0F WEAK ACID (M0LES/LITER>" 

150 INPUT CI 

160 PRINT 

170 Print C0ncentrati0n 0f salt <m0les/hter> ? M 

180 INPUT ce 

190 PRINT / 

200 LET H-K*C1/C2 v 

210 LET P1»<L0G< 1/H) >/2« 30258 

220 PRINT **THE PH 0F THE BUFFER IS "JPI 

230 PRINT 

240 PRINT M D0 Y0U WISH T0 ADJUST THE PH 0 F THE BUFFER ?•• 
250 PRINT " ANSWER YES 0R N0 " 

260 INPUT QS V 
270 IF QS*"YES" THEN 140 
280 PRINT 

290 PRINT " ENTER T0TAL V0LUME 0F BUFFER IN MILLITERS " 
300 INPUT VI 

310 PRINT M ADDING STR0NQ ACID 0R STR0NG BASE T3 BUFFER 
,320 PRINT M ANSWER ACID 0R /BASE " 
330 INPUT QS 

340 IF QS-"BASE" TIEN 750 

350 PRINT M ENTER C0NCENTRATI0N BF STR0N6 ACID (M0LES/ LITER) H 
360 INPUT C3 * , 

370 PRINT "WE WILL N0W ADD THE SAME # 0F DR0PS STR0NG ACID T0 M 
380 PRINT VW" ML BUFFER S0LUTI0N AND "JVU" ML 0F PURE WATER M 
390 PRINT "EACH DR0P IS C0NSI DERED T0 HAVE A V0LUME 0 F 0.05 ML •• 
400 PRINT 
410 LET 1-0 
420 LET D2-0 
430 LET ,I"I + 1 

440 PRINT " DR0PS 0F ACID " 
450 INPUT Dl ' 
460 LET D2-D1+D2 
470 LET DCIJ-D2 
480 LET V4»Dt 13/20 
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490 LET Hl«< V4*C3>/ ( VI *V4> , "■■ v 

soo If V4*C3>vi*ca then ?20 t . : ? t ? : . ; . ' ; 

510 LET H2«<C1*V1*C3*V4)*K/<C2*V1-C3*V4) ' > 
520. LET PC I3"<L0GC1/H1 >)/2* 30258 

530 LET ZC l3«<L0G<l/H2>>/2. 30258 ^ . ':!« / 

540 PRINT " T£TAL ML STR0NQ ACID ADDED "JV4 
550 PRINT M PH 0F WATER - "JPCI3 

560 PRINT PH 0 F BUFFER - "JZCI3 V 
570 PRINT M FINISHED ? 

580 INPUT QS ' 

590 IF Q$«"YES" THEN 610 ' ■ . ^ « 

600 G0T0 430 V, 
.610 LET J- I * 
620 PRINT ■ :l 

630 "PRINT * . 

640 PRINT BUFFER SYSTEM "J AS J 'V'iSi " 
650, PRINT " ORIGINAL BUFFER PH ■ ";P1 

660 PRINT \* 

670 PRINT M DR0PS 0F ACID PH WATER PH BUFFER M 

680 F0R I- 1 T0 J v 

690 PRINT DC 13#PC I 3>ZC 13 

700 NEXT I 

710 END 

720 PRINT " BUFFER CAPACITY EXCEEDED .!." 
730 LET J-I-l 
740 G0T0 620 

750 PRINT " ENTER C0NCENTRATI0N 0F 9TR0NG BASE (M0LES/LI TER>" 
,760 INPUT C4 
770 PRINT 

780 PRINT M WE WILL N0W ADD THE SAME # 0F DR0PS 0F STR0N C BASE T0 
790 PRINT VI/" ML 0 F BUFFER S0LUTI0N AND H JVi; M ML PURE WATER M 
800 PRINT M EACH DR0P IS CONSIDERED T0 HAVE A V0LUME 0F 0.05 ML v 
810 PRINT . > 

820 LET 1*0 i 
830 LET D2*0 
640 LET I-I+l 

850 'PRINT " DR0PS 0F BASE " 
860 INPUT Dl 
870 LET D2-D1+D2 
880 LET DC I3-D2 
890 LET V5-DCI3/20 
900 IF V5*C4> V1*G1 THEN 1030 * 
910 LET Hl-< V5*C4)/C V1+V5) 
920 LET H2*< 1 E-14 3/H1 

930 LET H3»<Cl+Vl-C4*V5>*K/<C2*Vl+C4*V5> 
940. LET PC l3«(L0GCl/H2> )/2. 30258 
950 LET ZCl3«(L0G<l/H3>>/2. 30258 
960 PRINT M TOTAL -ML STR0NG BASE ADDED J V5 
970 PRINT M PH .0F WATER \" J PC I J 
980 PRINT. PH 10 F BUFFER "JZCI3 ■ 
990 PRINT M FINISHED 
1000 INPUT 0$ 

101 6, IF QS-"YES" THEN 1060 
1020 G0 TO 840 
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1030 PRINT ".BUFFER CAPACITY EXCEEDED ! 
1040 LET J-|*i 
1050 GJT0 1070 
1060 LET J-I 

1070 PRINT * 
1090 PRINT 

1090 PRINT * BUFFER SYSTEH " J AS* •*/•' J SS 
1100 PRINT M ORIGINAL BUFFER PH - M JP1 
1110 PR|NT 

1120 PRINT ••DRflfPS- , 3" 0F BASE PH WAT 

1130 WH J"l W J. 

1140 PRINT DC 1 3 # PC 1 ] #ZC I 3 

1 1 50 NEXT I 

1 1 60 END 
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Unit Test on Acid-Base Equilibria time = 20 min. 



TEST 
1, 



2 .... 



3. 



5. 



1 

WHAT IS THE DEGREE OF IONIZATION OF A 2,082 M SOLUTION OF Formic acid 

whose ionization constant is 2.10r-04 ? 

a Buffer solution is made up by adding i.s^ moles of the sodium salt 
to 0.802 liters of a 0.876 m solution of hcn whose ionization 
constant is 4.cc0e-10. what 13 the ph ,of this solution? 

absolution prepared from c.815.mole of a weak acid, - 

hx, and '0.518 mole of nax diluted to 204 ml 

has a ph of 5.289. what is the ionization constant of hx ? 

a 4.300 m , solution of a weak acid, hx, has a ph of 3 .850 . 
what ts the ionization constant of the acid ? 

calculate the ph of 1.794 m methyl ami ne whose ionization constant 

IS 1. » 8 E-5 . ; • 



■ -1 

i 



TEST 



1. 2.08E-02 




2. 9.74E+00 



3. /3.27E-06 



4./ 4. 64E-09 



5. 1.18E+01 
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V 



TKST 



1. 



2. 



CALCULATE THE pH OF 1.482 H NH3 WHOSE IONIZATION CONSTANT 

IS 1.BE-5. ' 

* 

WHAT IS THE CONCENTRATION OP NaHSO, IN A SOLUTION PREPARED JJY _ 
ADDING 35 ML OF 2.585 H OP THJB SODIUM SALT TO 371 ML OP 2.725 H HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE. SOLUTION IS 406 ML. 
THE IONIZATION CONSTANT OF N«HS03 IS 5.60E-08 

A PU FPEB SOLUTION TS MADE UP BY ADDING 0.752 MOLES OF TttE SODIUM SALT 
TO 0 532 LITERS OF A 0.106 M SOLUTION OP HCN^HOSE IONIZATION 
CONSTANT IS 4.000E-10. WHAT IS THE pH OF THIS SOLUTION? 

WHAT IS THE DEGREE OF IONIZATION OF A 2.496 M SOLUTION OF H Ac 
WHOSE LONIZATION CONSTANT IS U80E-05 ? 

A 4.702% SOLUTION OF A. WEAK ACID, .HX, HAS A pH OF 5.650 ./ 
WHAT IS THF IONIZATION CONSTANT OF .T^UE AC ID ? 



TEST 



1. 1.17E*01 



♦ 



2\ 2.23&-01 



3. 1. 05E+01 



to 



4. 6.69E-03V^ 



5. 1.07E-12 
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3 

CALCULATE THE pH OF 1.-230 M NH3 WHOSE IONIZATION CONSTANT 
IS 1 . 8 E- 5 . 

A WEAK ACID, HX f IS 33.781 % IONIZED IN 1.860 N SOLUTION. 
WHAT PERCENT OF HX IS ICNI7.ED IN A 4.478 M SOLUTION ? 

A DUFFER SOLUTION TS MADE UP BY ADDING 1.052 MOLES OF THE SODIUM SALT 
TO 1.4 32 LITERS OF A 0.490 M SOLUTION OF HCN WHOSE IONIZATION 
CONSTANT IS 4.000E-10. WHAT IS THE pH' OF THIS SOLUTION? 



A SOLUTION PREPARED FROM. 0.261 MOLE OF A WEAK ACID, HX, 

DILUTED" TO .30 1 ML HAS A pH OF 6.534 -. WHAT .IS THE pH 

OF THE SOLUTION AFTER 0.358 MOLE OF .SOLID NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS' 

WF1FN THE NaX IS DISSOLVED IN THE SOLUTION. 

A 1.450 M SOLUTION OF A WEAK ACID, HX , HAS A pH OF 2.050 . 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

m 



TEST 



1. 1.17E+01 

2. 2.34E+01 



3. 9.57E+00 , 



* 4. 1. 31E+01 

5. 5. 53R-05 
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HOW MANY HOLES OP HCN MOST BE USED TO PREPARE 

L OP SOLUTION THAT HAS A pH OF 4.895 ? 
THE IONIZATION CONSTANT OF HCN IS . 4.00E-10 . 

WHAT IS THE DEGREE OF IONIZATION OP A 3.654 M SOLUTION OP Fonic acid 
WHOSE IONIZATION" CONSTANT IS* 2.10E-04 ? 

» 

WHAT IS THE CONCENTRATION OP Propionic acid IN A SOLUTION PREPARED BY 
ADDING 29 ML OF 4.400 M OF THE SODIUM SALT TO 16 ML OP 3.200 M HCL ? 
ASSUME THAT THE TOTAL VOLUME OP THE SOLUTION IS 45 ML. 
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05 

WHAT IS THE pH OF 1.272 M NaHSO, WHOSE IONIZATION CONSTANT IS 

5.600E-08? 

A SOLUTION) PREPARED FROM 0.086 MOLE OP A WEAK ACID, 
\\r, AND Q/.693 MOLE OF NaX DILUTED TO 467 ML 

HAS ,A- pH^F 3.f>94. WHAT IS THE IONIZATION' CONSTANT OP HX ? 



TEST 4 



1. 5.08E-01 
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TEST . 5 

1. A SOLUTION PREPARED FROM 0,142 MCLE OP A WEAK ACID, 
HX,, AND 0.418 MOLE OF NaX DILUTED TO 234 NL 

HAS A pH OF 6.369. WHAT IS THE IONIZATION CONSTANT OF HX ? 



2. WHAT IS THE DEGREE OF IONIZATION OP A 4.638 M SOLUTION OF Formic acid 
WHOSE IONIZATION CONSTANT IS 2.10E-04 ? N . 

3. CALCULATE THE till OF 0.920 M METHYL AMINE WHOSE IONIZATION CONSTANT 
IS 1.8E-5. 

4. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED 

TO 282 ML OF 0.816 M Propionic acid TO PREPARER BUFFER 
WITH A pH OF 4.564 ? ASSUME THAT NO VOJLUWE CHANGE OCCURS 
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. 
THE IONIZATION CONSTANT OF Propionic aci'd IS 1.40E-05 . 

5. HOW MANY MOLES OF HCN MUST BE USED TO PREPARE 
1.23 L OF SOLUTION THAT, HAS A pH OF 4.420 •? 
THE IONIZATION CONSTANT OF HCN IS 4.00E-10 . 



\ 



TEST 5 

1. 1.26E-06 'I 

2. 3.11E-02 

3. T. 16E*01 



♦ 



t 



,4. 1..18E-01 v * 

5. 4.4v6E+00 ' ..X ' ^ 



^ 4 



7.1 

9 * 
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TEST 6 

* 1. IP A WEAK ACID, HX, IS 12*081 % IONIZED IN 4.310 II SOLUTION, 
AT WHAT CONCENTRATION JJS THE ACID 16.381 % IONIZED? 

2. CALCULATE THE pH OF 0.724 N NH3 WHOSE IONIZATION CONSTANT 
rs 1.8E-5. 

3. WHAT IS THE CONCENTRATION OF Ponic acid IN A SOLUTION PREPARE D BY 
ADDING 26 ML OF 4.995 H OF TflE SODIUM Sa£t TO 313 BL OF 2.010 N HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 339 ML. 

THE IONIZATION CONSTANT OF Pornic acid IS 2.10E-04 

4. HOW MANY HOLES OF HF MUST BE USED TO PREPARE 
1.65 L OF SOLUTION THAT HAS A pH OF 5.180 ? 
THE IONIZATION CONSTANT OF HF IS 7.00E-04 . 

« 

5. A SOLUTION PREPARED FROM 0.239 HOLE OF A WEAK ACID, HX, 
DILUTED TO 460 ML HAS A pH OF 6.664 . WHAT IS THE pH 

OF THE SOLUTION AFTER 0.378 MOLE OF SOLID NaX IS DISSOLVED IN IT? 
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 



. TEST 6 

1. 2.23E*00 M 

2. 1.16E*01 



3. 3.83B-01 



• * 1 

V 4. 1.03E-07 



vV 
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TEST 
1. 



A SOLUTION PREPARED FROM 0.297 MOLE OF A WEAK ACID, 
HX, AND 0-.72B MOLE OP NaX DILUTED TO 337 ML 

HAS R h pH OF 5.119. WHAT IS THE IONIZATION CONSTANT OF HX ? 

2. A 6.346 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF " 6.400 "". • 
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? 

3. A SOLUTION PREPARED FROM 0.232 MOLE OF A WEAK ACID, HX, 
DILUTED TO 468 ML HAS A pH OF 3.614 . WHAT IS - THE pH 

OF THE SOLUTION AFTER 0.54.8* MOLE OF SOLJD NaX IS DISSOLVED IN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. ^ 

4. IF A WEAK ACID, HX, IS 8.581 % IONIZED IN 4^15 M SOLUTION,. 
AT WHAT CONCENTRATION IS THE AJCID 1.181 X IONIZED? 

5. WtJAT IS THE pH OF 2.652 M Hf' WHOSE IONIZATION CONSTANT IS 

7.000E-04? . 



TEST t 7 



1. 1.86E-05 



2. 2.50E-14 



3. 7.30E*00 
U. 1.77fi*01 M 
5. .1.37E*00 
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a 

A 2.050 M SOLUTION. OF A WEAK ACID, HX; HAS A pH OF 6.950 
WHAT IS THE IONIZATION CO N ST AN T.4) F THE ACID ? 

WHAT IS THE DEGREE OF IONIZATION OF A 3.U56 M SOLUTION OF Propionic aci 
WHOStt IONIZATION CONSENT IS 1.U0E-05 ? 

A SOLUTION PREPARED FROM 0.452 MOLE OF A WEAK ACI D r HX, 

DILUtED TO 126 ML HAS A pH OF 5.774 . WHAT IS THE pH 

OF THE SOLUTION AFTER 0.8*48 MCLE OF SOLID NaX IS DISSOLVED JN IT? 

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE -OCCURS 

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. 

A BUFFER SOLUTION IS MADE UP BY ADDING 1.313 MOLES OF THE SODIUM SALT 
TO 0.313 LITERS OF A 0.730 M SOLUTION OF Propionic acid WHOSE IONIZATION 
CONSTANT IS 1.U00E-05. WHAT IS THE pH OF THIS SOLUTION? 

WHAT IS THE pH OF 0.858 M NaHC0 3 WHOSE IONIZATION CONSTANT IS 
4. BOO E- 11? 



A 



TEST < 8 

1. 6. 14E- 15 

2. 6.95E-03 



3. 1.24E+01 

4. 5.61E+00 

5. 5. 19E+00 
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WHAT IS THE pH OF 1.884 M Propionic acid WHOSE IONIZATION CONSTANT IS 

1.400H-05? . | 

IF A WEAK ACID, HX, IS 13.481% IONIZED IN 2. 200 M SOLUTION, * 
AT WHAT CO N CENTRA T fb N IS~ THE AC ID 33. 281 % IONIZED? 

HOW MANY MOLES OF NaHS0 3 MUST BE USED TO PREPARE 
1.59 L OF SOLUTION THAT HAS A, pH OF 2. 305 ? 
THF IONIZATION CONSTANT OF NaHSO a IS 5.60E-08 '. 

A PUFFER SOLUTION^lfc- M ADE UP BY ADDING 1. 352 MOLES OF THE SODIUM SALT 
TO 0.'832 'LITER^ OF I 0.664 M SOLUTION OF HC10 WHOSE IONIZATION 
CONSTANT IS 3.200Ef09. WHAT IS THE pH OF TH.IS SOLUTION? 

WHAT IS THE CONCENTRATION OF Benzoic acid IN A SOLUTION PREPARED BY 
ADDING 67 ML OF 4.190 M OF THE SODIUM SALT TO 45* ML OF 4.880 M HCL ? 
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 112 ML. 
THE IONIZATION CONSTANT OF Benzoic acid IS t 6.60E-05 



TEST 



1. 2.29E+00 



2. 2. 78 E- 01 H • 



3. 7.02E+02 



4. 7^R8E*00 



5. 1.96E«-00 
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TFST 1C 

1. A SOLUTION PREPARED PROM 0.311 MOLE OF A WEAK ACID, 
HX, AND 0.138 MOLE OP NaX DILUTED TO 291 ML 

HAS A pi! OF 3.185. WHAT IS THE IONIZATION CONSTANT OP HX ? 

2. A BUFFER SOLUTION TS MADE HP BY ADDING 0.563 MOLES OP THE SODIUM SALT 
TO 1 .063 LITERS OF A. 0.792 M SOLUTION OF NaHCO, WHOSE IONIZATION 

, CONSTANT IS 4.RO0E-11; WHAT IS THE pH OF THIS v SOLUTI ON? 

( 

3* h WEAK ACID, HX, IS 6.581" % IONIZED IN 1.480 M SOLUTION. 
» WHAT PERCENT OF HX IS IONIZED IN A 1 , 128 . M SOLUTION ? * 

4* A 2.056 M SOLUTION OF A WEAK ACID, HX , HAS A pH OP 6.150 
WHAT IS THE IONIZATION CONSTANT OF THE ACID 1 

5. WHAT IS THE pH OF 4.740 M H Ac WHOSE IONIZATION CONSTANT IS 
1 . 800E-05? 



TEST 



16 



1. 2.90E-O4 



% - 



2. i.o moi 



3. 7.50E*00 

4. 2. 44 E-' 13 

V, - J 

n s 

* • '.V 

5. 2.Q3B*00' 



0 



. . . * V 



